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Objectives
To investigate (1) prevalence of snoring in preschool and school-aged children
in Hong Kong; (2) complications of childhood primary snoring (PS); (3) natural

history of childhood PS.

Methods

(1) Prevalence of snoring in Chinese children: Two population-based surveys

were performed in 21 kindergartens and 32 primary/secondary schools
respectively.

(2) Complications of childhood PS: Neurocognitive function, 24-hour ambulatory

blood pressure (ABP), endothelial function and polysomnography (PSG) were
performed.

(3) Natural history of PS in children: Children diagnosed as PS in our previous

epidemiology study were invited to repeat PSG at 4-year follow-up.

Results



(1) Prevalence of snoring in Chinese children: The prevalence rate of habitual

snoring was 5.5% in preschool children and 9.2% in school-aged children
respectively.

(2) Complications of childhood PS: No significant impairment in all the

neurocognitive functioning tests was found in children with PS compared to
non-snoring children. Sky Search DT score was negatively associated with the
increase in severity across the sleep-disordered breathing spectrum from non-
snoring control, to PS, to obstructive sleep apnoea (OSA), adjusted for age,
gender and parental socio-economic status. In pubertal teenagers, PS subjects
had significantly higher adjusted percentage of stage 1 sleep and wakefulness
after sleep onset compared to healthy controls. After adjustment for age,
gender, BMI z-score and parental hypertension, habitual snoring was not
associated with any ABP values. PS cases had significantly lower flow-

mediated vasodilation than non-snoring controls after adjustment.

(3) Natural history of PS in Children: Seventy children with a mean age of
14.7+1.8 years were analysed in this follow-up study. At follow-up, 26 subjects
(37.1%) progressed to OSA. Persistent overweight/obesity was an independent

risk factor for the development of OSA at follow-up.

Conclusions
Habitual snoring is a common problem in Hong Kong Chinese children.
Childhood PS is related to endothelial dysfunction, and sleep architecture is

altered in pubertal adolescents with PS. A trend towards adverse attention



exists in children with PS. If left untreated, more than one third of PS subjects
may progress to OSA over a 4-year follow-up period, especially those who are
persistently obese. Therefore childhood PS may not be considered as totally

benign.



WE

ER:0P
WHIL 1) i ER SEsE AT /N L BT R SRAE R 20 SRR SRR L BTRE 1)

PRIIE R 3) B

Jii:
(1) FrEghatfE b s A NG A o G BT A S A K T8 A — TR DAL [ A JE B A 5

7, AlAE 21 [ HEREIRT 32 ] d /N AT,

(2) SUE JEFEPE 2 BPTE N OF SEAE:  BE T A A AERRAIThRE . 24 /NGB RE L |

N B AT T e % 22 S AR Al o

(3) Su SR BETEMN) B AR S0 . 4 &2 i A B G 1 S BDIE ) LS AE 4 47 )5 7

2 2 R ARA AR

AR

(1) Fr btk [ b B A A /NS A o B B AR S AR A SRR S A KA A

R R EE AR 20 I Ay 5.5% 1 9.2%.

(2) GiaE 5 G S BPRE (1 OF SR8 . i S S BE Se B B S IR AR L, Py

(R A8 ER A Dh e # I A BHERZE . Sky search DT - SrE# ] T 4R88 . PERIFIAL
B g ACT A e, BEE MR BRIl w1 R AR P AT iy R B, EHEREH

W DET, SRS S RPRE A LU IR B R T R R e 1 IR 1 20 LR AN



MM 5 RERE (0 e . FESRRE AR . PRI, B TR z 0 WO e B SO S
TRV S BT B ) T LR M B R o i S S B AE R R M K S NLAE RR B T IRE
PRI 2R i BE R S A BE A

(3) SUEJFFEPERBIER HIR S oM 1 70 2T HEIEEe 14.7£1.8 BN L.

FERERAE, 2615 (37.1%) M Jre sl PH ZEVE IR IR B 4590 o o A 100 s/ A
18] B i P S R e PR 2y O S AP R AR PP PR £ A Bl ) S B R 3R

EHEVE S MR AR E L B DFE PR WA SR S5V S e B N B AT Zh
REZINA R . HHEEE YT DER RSV SR IEIRA A 2. ERER
B S APE TP A SRR S . WIRANGE, R = 2 I R SR S AE S
BEAE A AR ME FE R FE MR R B A, A R L o A iR Sk B
REANE 22 RYER



ACKNOWLEDGEMENT

| would like to thank my supervisor, Prof. Albert Li. First of all, he
responded to my application e-mail and accepted me as his PhD student three
years ago so that | can have an invaluable opportunity to receive postgraduate
education in Hong Kong. During the study period, he assisted me in designing
a comprehensive plan for my PhD programme, instructed me how to do
research in a scientific way and inspired me to explore unknown fields. He is
always respectful to my ideas and willing to solve problems at any time. He has
a good temper to tolerate my clumsiness. He encourages me to keep on
pursuing not by words but by his own industrious work. It is very lucky for me to
have such a professional and kind supervisor.

| would like to thank my good colleague, Mr. Au Chun Ting, who is a
research genius. | have never found anything he does not know about so far, no
matter technical problems or academic arguments. Furthermore he is always
ready to take time and efforts to help others. | regard him as my second mentor.

I would also like to express my appreciation to Profs. Wing Yun Kwok and
Simon Lam for their help and advice. They provided me with quite a few
valuable comments and suggestions when | was writing research papers. And |
would like to thank my lovely present and previous team members, Dr. So Hung
Kwan, Jane Yin, Ngai Hoi Yan, Sharon Chan, Cindy Yu, Peggy Chan, Clare Yu,
Victor Kwok, Crystal Ng and Daisy Kwok. They assisted in my research projects

and created an easy-going atmosphere around me.

Vi



| am grateful to my beloved parents for educating me to treat things with a
conscientious and humble attitude. | am grateful for their love and support to me
without any repay. | also would like to thank my father-in-law and mother-in-law
as well for treating me as their own daughter.

Last, but most importantly, | want to thank my husband for his accompany.
He believes in me when | don’t believe myself, reminds me when | slack off and
comforts me when | am frustrated. | feel happy to be able to grow up together

with him in this charming and challenging city, Hong Kong.

Vii



TABLE OF CONTENTS

ABSTRACT [
ACKNOWLEDGEMENT vi
TABLE OF CONTENTS viii
TABLE LIST Xiv
FIGURE LIST XVii
SECTION CATION PAGE
CHAPTER 1 GENERAL INTRODUCTION
1.1 Pathogenesis of Snoring...........cccoovviiiiiiiinennnn.. 1
1.1.1 The Upper AirtWay........cccoeeeeieiiiniieaieaeannn, 2
1.1.2 The Generation of Snoring Sound................. 3
1.1.3 Predisposing Factors..........c.cooevvviiiiinennnnn. 4
1.2 Pathophysiology of Snoring..............cccoiviiiiiin, 5
1.3 Habitual Snoring in Children............................. 6
1.4 Snoring and Childhood Obstructive Sleep Apnoea 13
(OSA). .
1.4.1 Clinical Complications of Childhood OSA....... 13
1.4.1.1 Neuropsychological and Cognitive 14
Morbidities of OSA.........cooiiiiiiin,
1.4.1.2 Cardiovascular Morbidities of OSA...... 15
1.4.1.3 Metabolic Morbidities of OSA............ 16
1.4.2 Treatment of Childhood OSA...................... 16
1.5. Primary Snoring in Children.......................... 17
1.5.1 Definition of Childhood Primary Snoring 17
(PS) e
1.5.2 Clinical Complications of Childhood PS.. 18
1.5.3 Natural History of Childhood PS............ 21
1.6 Aimsofthe study.........ccooiiiiiiiiiiie, 23

viii



CHAPTER 2

2.1
2.2

2.3

2.4

CHPATER 3

3.1

3.2

3.3

3.4

CHAPTER 4

Prevalence of Snoring in Chinese Pre-school
Children

INTRODUCTION. ..., 24
METHODS. ... 28
2.2.1 Study Population...............cccoeeiiiiiiiii. 28
2.2.2 QUESHIONNAINES. ... e 29
2.2.3 Anthropometry Assessment.............cccceuenen. 29
2.2.4 Measurement of Urinary Cotinine.................. 30
2.2.5 Statistical Analyses..........ccooviiiiiiiiiiiinnnn, 30
RESULTS. ..o 31
2.3.1 Prevalence of habitual snoring (HS).............. 32
2.3.2Risk FactorsforHS..........ccoooiiiiiiiii, 33
2.3.3 Sleep Problems Associated with HS.............. 41
DISCUSSIONS. ..., 42

Prevalence of Snoring in Chinese School-aged

Children and Adolescents

INTRODUCTION. ..o, 48
METHODS. ... 53
3.2.1 Study Population................cooeiiiiiiiiii 53
3.2.2 QUESLIONNAIIES. ..., 54
3.2.3 Anthropometry Assessment.............cccceuenen. 54
3.2.4 Statistical Analyses.........cccooiiiiiiiiiiiiennn. 55
RESULTS. ... 56
3.3.1Prevalence of HS...........ccooiiiiiiiiiiii, 56
3.3.2Risk Factorfor HS.............coiiiiiin . 58
DISCUSSIONS. ... 64

Neurocognitive Functions in School-aged

Children with Primary Snoring



4.1
4.2

4.3

4.4

CHAPTER 5

5.1
5.2

5.3

INTRODUCTION. ...ttt 69
METHODS. ... 70
4.2.1 Subjects and Study Design...........cccveivinennne 70
4.2.2 QUESHIONNAITES. ... e, 71
4.2.3 Anthropometry Measurements..................... 71
4.2.4 Neurocognitive Measurements..................... 72
4.2.4.1. Hong Kong-Wechsler Intelligence 72
Scale for Children............ccccccoeeii
4.2.4.2. Hong Kong List Learning 73
Test
4.2.4.3 Test of Everyday Attention for Children 74
(TEA-Ch)...oviiee e
4.2.5 Polysomnography (PSG)........ccccovviviininnnn.. 75
4.2.6 Statistical Analysis..........cccoovviiiiiiiiiiiin, 76
RESULTS. ... 77
4.3.1 Comparison between Snorers and Non- 78
] (0] 1= = TSRS

4.3.2 Characteristics between non-snoring controls, 84
PS and OSA groups........ccouvvieiiiiinineiniens
DISCUSSIONS. ... ..o, 87

Sleep Architecture in School-aged Children with
Primary Snoring

INTRODUCTION. ... 94
METHODS. ... 95
5.2.1 SUDJECES.....ooiieeeeieeeiccee e 96
5.2.2 Polysomnography (PSG)........ccocvieiiiiininnne. 96
5.2.3 Anthropometry Assessment...............cceuene. 98
5.2.4 Statistical Analysis..........ccoiviiiiiiiiii, 98
RESULTS. ... 99

5.3.1 Comparison between controls, PS, mild OSA 99



5.4

CHAPTER 6

6.1
6.2

6.3
6.4

CHAPTER 7

7.1
7.2

7.3
7.4

CHAPTER 8

and moderate-to-severe OSA groups...............
5.3.2 Sleep architecture in prepubertal and pubertal
SUDJECES. ..o
DISCUSSIONS. ... ..o,

Association between Habitual Snoring and
Ambulatory Blood Pressure in Children
INTRODUCTION. ..o
METHODS. ... o
6.2.1 Subjects and Study Design................c.ccoeune
6.2.2 QUESHIONNAINE. ..o
6.2.3 Anthropometric Measurements.....................
6.2.4 ABP Measurements............ccoovvieiieiiniinennnn.
6.2.5 Statistical AnalysiS...........ccccooeviiiiiiiiiin.
RESULTS. ...
DISCUSSIONS. ... ..o,

Endothelial Function in Children with Primary
Snoring

INTRODUCTION. ..o,
METHODS. ... o
7.2.1 Subjects and Study Design.........................
7.2.2 Anthropometry Assessment.............coceeeunen.
7.2.3 Polysomnography (PSG)........cccocvviiiiiininnne.
7.2.4 Endothelial Function..............ccoocoeiiiiiin.
7.2.5 Statistical AnalysiS...........cccooiiiiiiiiii
RESULTS. ..o
DISCUSSIONS. ... ..o,

Natural History of Primary Snoring in School-

aged Children: A 4-Year Follow-up Study

xi

103



8.1
8.2

8.3

8.4

CHAPTER 9

INTRODUCTION. ...t
METHODS. ... o
8.2.1 SUDJECES. ...
8.2.2 Sleep symptom questionnaire......................
8.2.3 Anthropometry assessment.........................
8.2.4 Tonsil and adenoid size assessment............
8.2.5 Polysomnography (PSG)........cccovvieiieinnnnn.
8.2.6 Statistical Analysis..........cooeiiiiiiiiiiiin,
RESULTS. ...
8.3.1 Subjects’ characteristics at baseline and
FOHOW-UP. e,
8.3.2 Predictive clinical symptoms and risk factors
for PS progressionto OSA.............ccooeeneee
DISCUSSIONS. ...

GENERAL CONCLUSIONS. ...

REFERENCES

APPENDICES
Appendix 1
Appendix 2
Appendix 3
Appendix 4
Appendix 5
Appendix 6
Appendix 7

Documentation of Permission to Republish the
Copyrighted Materials in the Dissertation
Li AM, Zhu Y, Au CT, Lee DL, Ho C, Wing YK.

xii

150

152

157

162

206
212
228
230
234
242
250



Natural history of primary snoring in school-aged
children: a 4-year follow-up study. Chest.
2013;143(3):729-35.

Zhu Y, Au CT, Leung TF, Wing YK, Lam CWK, Li
AM. Effects of passive smoking on snoring in
preschool children. J Pediatr. (accepted)

Curriculum Vitae

Xiii



NO
Table 1.1

Table 1.2

Table 1.3

Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 3.1

Table 3.2

Table 3.3

Table 4.1

Table 4.2

TABLE LIST

CAPTION

Published community-based studies on prevalence and
risk factors of habitual snoring in children

Previous studies on the clinical complications of
childhood primary snoring with non-snoring controls
Previous studies on the natural history of primary
snoring in children

Published community-based studies on prevalence and
risk factors of HS in preschool children

Characteristics of all subjects and distribution of
variables according to snoring status in preschool
children

Risk factors associated with habitual snorers with
reference to non-snorers in preschool children
Comparison of sleep problems between snoring status
in preschool children

Published community-based studies on prevalence and
risk factors of HS in school-aged children and
adolescents

Characteristics of all subjects and distribution of
variables according to snoring status in school-aged
children and adolescents

Risk factors associated with habitual snorers with
reference to non-snorers in school-aged children and
adolescents

Comparison of characteristics between recruited
(N=609) and non-recruited subjects

Comparison of demographic characteristics and

neurocognitive tests results between boys with and

Xiv

PAGE

19

23

26

34

37

42

50

58

60

78

80



Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 5.1

Table 5.2

Table 5.3

Table 6.1

Table 6.2
Table 7.1

Table 7.2

Table 7.3

Table 8.1

Table 8.2

Table 8.3

without snoring

Comparison of demographic characteristics and
neurocognitive tests results between girls with and
without snoring

Characteristics of children with snoring who did and did
not participate in the sleep study

Comparisons between non-snoring controls, PS and
OSA groups

Comparison to other studies conducted in school-aged
children

Demographic and polysomnographic data between SDB
categories

Multiple regression model for the association between
sleep architecture and SDB category adjusted for age,
gender, BMI z-score and puberty

Comparison of our findings and previous studies on
sleep architecture of PS in children

Demographic characteristics of different snoring
frequency groups

ABP values of different snoring frequency groups
Comparisons between SDB severity groups in non-
obese subjects

Multiple linear regression analysis for flow-mediated
vasodilation as the dependent variable

Published studies on endothelial function in children with
SDB

Characteristics of children with PS who did and did not
participate in the follow-up study

Anthropometric and polysomnographic data of the
subjects at baseline and follow-up

Logistic regression analysis assessing the potential

XV

82

85

86

91

101

103

110

118

119
130

131

133

145

147

151



factors associated with the worsening or remission of PS
Table 8.4 Comparison of our findings and previous studies on 156

natural history of PS in children

XVi



NO

Figure 1.1

Figure 2.1

Figure 3.1

Figure 5.1A

Figure 5.2B

Figure 5.2C

Figure 5.2D

Figure 8.1
A-D

FIGURE LIST

CAPTION

Starling resistor model of upper airway

Prevalence of habitual snoring (HS) by age and gender
in preschool children

Prevalence of habitual snoring (HS) by age and gender
in school-aged children and adolescents

Mean with 95% CI of stage 1 sleep in prepubertal
subjects adjusted for age, gender and BMI z-score
Mean with 95% CI of SWS in prepubertal subjects
adjusted for age, gender and BMI z-score

Mean with 95% CI of stage 1 sleep in pubertal subjects
adjusted for age, gender and BMI z-score

Mean with 95% CI of In WASO in pubertal subjects
adjusted for age, gender and BMI z-score

Change in obstructive apnoea hypopnea index, SpO-
nadir, arousal index and oxygen desaturation index of

the subject over the follow-up period

XVii

PAGE

33

57

105

105

106

106

148



CHAPTER 1

GENERAL INTRODUCTION

Snoring is a breathing sound or noise which originates during sleep. It
typically appears during the inspiratory phase of the respiratory cycle, even
though a small expiratory component can also be heard sometimes.™ The
American Sleep Disorders Association (ASDA) defined snoring as “Loud
upper airway breathing caused by vibrations of the pharyngeal tissues”.”?

As self-reported snoring is highly subjective, there is a need for an
accurate definition of snoring in terms of objective measurement. Therefore
researchers have been inspired to utilize acoustic measurements to try to
guantify and standardize the features of snoring sounds, relating its intensity,
timing (continuous or interrupted), duration, frequency etc.™ However it is not
easy to define the characteristics of snoring, as it comprises a sound
spectrum ranging from modest audible breathing to loud vibratory sounds
that are readily perceived as “snoring” by human observers."® Moreover
snoring is not a homogeneous acoustic phenomenon, as it changes in the
course of the sleep period and may vary from night to night. It can be
influenced by many factors such as the sites of upper airway narrowing, ¥
the route of breathing (oral and/or nasal),™ body position®® etc.

Overall for the beholder it is quite obvious to discern snoring from other

breathing sounds such as stridor and wheeze. However, objective

parameters defining these sounds as “snoring” are lacking so far.!"!

1.1 Pathogenesis of Snoring



1.1.1 The Upper Airway

The upper airway extends from the lips and nostrils to the vocal cords.™
The structure of the upper airway consists of bones including the nasal
turbinates, maxilla, mandible, hyoid, cervical vertebrae, and soft tissues
including adenoid, tonsils, soft palate, uvula, pharyngeal muscles, epiglottis,
tongue, pharyngeal fat pad and mucosa.®

In general, the upper airway is divided into three segments: 1) The
proximal segment is the nasal cavities and rhinopharynx. It has an osseous-
cartilaginous structure and is rigid and not collapsible under the effect of the
inspiratory pressure; 2) The middle segment is the oropharynx, a typical
collapsible structure which can decrease its cross-sectional area with the
approach of the walls under sufficient inspiratory negative pressure; 3) The
distal segment is the larynx, also a cartilaginous and rigid structure which is
not prone to collapse under normal circumstances. The upper airway can
therefore be thought of as a tube that is rigid at both ends but flexible in its
mid section.™

A Starling resistor model which consists of a collapsible tube with a
sealed box interposed between two rigid segments has given some insight
regarding the mechanical properties of the upper airway (Figure 1).® In this
model, the collapsible segment of the tube is bound by an upstream and
downstream segment with corresponding upstream (Pus) and downstream
pressures (Pds). Pus is atmospheric at the airway opening, and Pds is the
tracheal pressure. The critical closing pressure (Pcrit) of the passive airway
is defined as the pressure inside the airway at which the airway collapses.

The pressure gradient during airflow through the system is defined by Pus -



Pcrit and remains independent of Pds. Therefore with increasing Pcrit, as
the difference between Pus and Pcrit decreases, inspiratory airflow limitation
with eventually develop, and when the Pus falls below Pcrit, complete airway
occlusion occurs.™

The increase in Pcrit can be caused by elevated collapsing pressures
on the airway, usually associated with inactivity of pharyngeal dilator
muscles, mass of the soft tissues surrounding the airway or deformity of the
supporting bony structures which reduce the cross-sectional area of the
airway. In addition, the enlargement of soft tissues inside the upper airway

can also lead to its occlusion.[*”

Figure 1.1. Starling resistor model of upper airway

Rigid tube —\
Sealed box

\

/ Collapsible segment /
\ P in Il\
Upstream Pout Downstream
PUS Pcls

1.1.2 The Generation of Snoring Sound
Sleep is a requirement for the appearance of snoring. The most

important effect of sleep is the decrease of the tone of the dilator muscles of



the upper airway, which causes increasing resistance and provoke a flow
limitation.** The following simultaneous factors are necessary to produce
snoring: 1) sleep; 2) reduction of cross-sectional area of the upper airway; 3)
vibrating structures which are usually pharyngeal soft tissues behaving like a
Starling resistor; and 4) thorax bellows which act with suction inspiratory
pressure.™

All'in all, the source of the snoring sound is the oropharyngeal segment
of the upper airway. Relative atonia of the upper airway dilator muscles
during sleep induces narrowing and increased resistance at this level. As a
result, airflow becomes turbulent and the pharyngeal tissues vibrate as the
air passes through. More specifically, snoring is characterized by oscillations

of the soft palate, pharyngeal walls, epiglottis and the tongue.™

1.1.3 Predisposing Factors

The main predisposing factors of snoring in children include:
(1) Adenoid and tonsillar hypertrophy. This is an important cause of
obstruction of upper airway especially in children aged 4- to 8 years.[*>*4
(2) Obesity. Obesity is a predisposing factor for snoring in children because
of the mass loading of soft tissues surrounding the upper airway such as the
fat pads, soft palate, pharyngeal wall and tongue as well as impaired
ventilatory control.[*®
(3) Nasal obstruction. Factors associated with nasal obstruction such as
rhinitis, sinusitis and allergies may aggravate snoring by increasing the
negative intrapharyngeal pressure and facilitating the conditions leading to

inspiratory flow limitation.!*®



(4) Abnormal craniofacial growth. In particular, patients with bimaxillary or
mandibular retrognathia with a receded chin are more prone to develop
snoring.!*”!

(5) Neuromuscular disorders. Duchenne muscular dystrophy and cerebral
palsy predispose children to have snoring as a result of the already

weakened dilator muscles of the upper airway.™!

1.2 Pathophysiology of Snoring

Once snoring develops, recurrent vibration of the air column in the
upper airway can induce mechanical trauma. This recurrent vibratory trauma
will in turn promote the development of an inflammatory response leading to
mucosal swelling and subsequently to upper airway obstruction.*®! A study
showed that vibration enhances interleukin-8 release in a cell model of
snoring-induced airway inflammation.* Although the evidence supporting
such mechanical process is currently unavailable in children, the up-
regulation of leukotriene receptor expression was present in lymphadenoid
tissues of children with sleep apnoea, and anti-inflammatory therapy was an
alternative treatment regimen in such children.?%? Additionally, muscular
and nervous fibers lesions of pharyngeal muscles due to the mechanical
effects of the vibration in heavy snorers could be found,®® which would also
further impair the activity of the dilator muscles maintaining the patency of
upper airway.

Moreover tissue vibration was demonstrated to induce carotid artery
endothelial dysfunction in a rabbit model, suggesting a direct plausible

mechanism linking snoring to the development of carotid atherosclerosis.?"



1.3 Habitual Snoring in Children

Habitual snoring usually refers to snoring every night or every other
night.[ls] In most of the studies in children, snoring frequency =3 nights/week
based on parent-reported questionnaire was used to define habitual

snoring.[>%"]

It is a common problem which can occur at any age, from
infants, toddlers, school-aged children to adolescents. The prevalence rates
of habitual snoring in children worldwide and associated risk factors are
shown in Table 1.1. The wide discrepancy of the prevalence may be
attributed to different definitions used for habitual snoring, different races
and different age groups. The most common risk factors for developing
habitual snoring in children included male gender, obesity, allergic diseases,
adenotonsillar hypertrophy, household passive smoking, African-American
race and lower socioeconomic status. Our research group has carried out a
population-based survey on habitual snoring in children aged 6-13 years and
reported a prevalence rate of 7.2% in Hong Kong.?® Nevertheless local data
are still lacking on prevalence of snoring in preschool children and
adolescents.

It has been found that parent-reported habitual snoring is associated
with neurocognitive consequences in children. Accumulating cross-sectional
research studies showed that children with habitual snoring were at higher
risk for having neurobehavioral problems than non-snoring subjects,
including poor academic performance,?® 283U hyperactivity, 2 32 33!

inattention,®> ¥ daytime sleepiness,?® ** **! anxious/depressed mood,=®

emotional reactivity problems,** 3¢ and intelligence deficits.=”



Table 1.1 Published community-based studies on prevalence and risk factors of habitual snoring in children

Definition N Location Age | Prevalence, Risk factors of habitual snoring
of range % Age | Gender | Obesity | AR | Asthma | Eczema | URI | Passive Race Low
habitual smoking SES
snoring
>=3 457 Australia 1wk- 9 + - -
nights/wk 13¢] 14wk
Yes/no 1,585 New 1mo- 26.1 Older Male + +
Zealand®™ | 6mo age
Yes/no 200 | Russia®® | 2mo- 5
4mo
>=3 944 ust! 2wk- 5.3 - - African-
days/wk 2yr American
>=3 681 ust 1yr 15 - African-
nights/wk American
Always | 1,471 | Finland®® | 1yr- 6.3 - - + + +
or often 6yr
NA 985 | Turkey™ | 3yr- 7.6 Male
6yr
>=3 1,844 | Sweden™® | 5yr- 7.7 Female +
nights/wk 7yr
Always 595 Italy[46] 2yr- 34.5 - - - + -
or often 8yr
More 346 ust 2yr- 13.9 - - - - African- -
than half 6yr American
the time
Often 190 France!*®! 5yr- 10 - + + - - -
6yr




(Continued) Published community-based studies on prevalence and risk factors of habitual snoring in children

Definition N Location Age Prevalence, Risk factors of habitual snoring
of range % Age | Gender | Obesity | AR | Asthma | Eczema | URI | Passive Race Low
habitual smoking SES
snoring
>=4 974 Australia 2yr- 10.5 - - - +
nights/wk 4] 6yr
Almost 6,742 UK®! 1yr- 7.9 Older | Male - + + + + + White but +
always 4yr age not South
Asian
>=3 23,481 Asia Oyr- Different Male White
nights/wk Pacific®" 3yr across
countries
Most 782 England 4yr- 121
nights 2 S5yr
>=4 4,980 Australia 4yr- 9.4
nights/wk (53 5yr
>3 11,114 | Singapore 4yr- 6.0 Male + + + + + Malays
nights/wk >4 7yr
>=3 3,019 usk 5yr 12 Male
nights/wk
Every 325 Sweden®™ 4yr 6.2 +
night
>=3 378 | Sweden®” | 5yr- 5
nights/wk 6yr
>=3x/wk | 1,010 usk! 3yr- 22.0 - African- +
5.3yr American




(Continued) Published community-based studies on prevalence and risk factors of habitual snoring in children

Definition N Location Age Prevalence, Risk factors of habitual snoring
of habitual range % Age | Gender | Obesity | AR | Asthma | Eczema | URI | Passive Race Low
snoring smoking SES
>4 16,321 ush® 5yr- 1.3 - - + + + African-
nights/wk Tyr American
>=3 635 Sweden B6yr— 9.3
nights/wk (9] 8yr
Frequently | 1,164 Turkey[28] Tyr- 3.5 Young Male + + + + -
or almost 13yr age
everyday
Frequently | 20,152 | China® | S5yr- 12.0 Peak | Male + + + + +
or almost 12yr age
always Tyr
Yes/No 652 Belgium Byr- 32.6 + +*
1] 12yr
>=3 6,349 Hong Syr- 7.2 Peak Male + + + - + - -
nights/wk Kong® | 14yr age
6yr-
Tyr
>=6 3,047 Hong Byr- 10.9 Male +
nights/wk Kong[62] 12yr
Often or 2,147 | Turkey® | 5yr- 7.0 Peak | Male + + +
always 13yr age
11yr-

13yr




(Continued) Published community-based studies on prevalence and risk factors of habitual snoring in children

Definition N Location Age Prevalence, Risk factors of habitual snoring
of habitual range % Age | Gender | Obesity | AR | Asthma | Eczema | URI | Passive Race Low
snoring smoking SES
Everyday | 1,211 | Turkey® | 6yr- 2.4
13yr
Always or 806 ust Byr- 15.1 - Male +
often 12yr
Frequently | 1,129 | Germany | 9.6t 10.0 - - + - - +
or always (66l 0.7yr
Yes/No 1,404 Sweden Byr- 23.0
1671 11yr
Most 1,008 | Thailand 6yr- 8.5 - - - + -
nights 1681 13yr
Often 1,615 | Iltaly®™ Byr- 7.3 Young - + - +
13yr age
Frequently 976 Portugal 6yr- 8.6 - - +
7ol 11yr
>=4 996 Australia 4yr- 15.2 Young - + + +
nights/wk 1l 12yr age
Frequently 998 Brazil yr- 27.6 +
2 14yr
At least 473 ust 3yr- 22.9 Peak - + -
some 14yr age
nights 3yr-
oyr

10



(Continued) Published community-based studies on prevalence and risk factors of habitual snoring in children

Definition N Location Age Prevalence, Risk factors of habitual snoring
of habitual range % Age | Gender | Obesity | AR | Asthma | Eczema | URI | Passive Race Low
snoring smoking SES
>3 1,198 | Turkey’™ | 3yr- 3.3 - + - +
nights/wk 11yr
Always 895 Italy®! 3yr- 4.9 Male
11yr
Yes/No 909 | Nigeria™ | 3yr- 34.2 Peak - -
16yr age
3yr-
6yr
Always 3,680 Greece 1yr- 4.2 - Male + +
8l 18yr
>=2 1,650 | Australia Oyr- 14.2 - Male + + - -
nights/wk 7l 17yr
Often or 454 Iceland® | 6mon- 3.2 Male -
very often 6yr
Frequently | 1,481 ust! 4yr- 10.5 - - Hispanic
or almost 11yr
always
>=3 14,883 | China® | <5yr 4.4 Young | Male
nights/wk age
Often 1,784 | Turkey™ | 4yr- 4.1 +
17yr
Often 2,209 Italy®! | 10yr- 5.6 Older | Male + + - + +
15yr age
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(Continued) Published community-based studies on prevalence and risk factors of habitual snoring in children

Definition N Location Age Prevalence, Risk factors of habitual snoring
of habitual range % Age | Gender | Obesity | AR | Asthma | Eczema | URI | Passive Race Low
snoring smoking SES
Every or 1,014 | US® 13yr- 6
nearly 16yr
every night
>=3 3,871 | Korea?”' | 15yr- 11.2 - + +
nights/wk 18yr
Often or 1,030 | Turkey® | 12yr- 4.0 Young - + + +
always 17yr age
Very often 332 | Austria® | 11yr- 2.1
15yr

Often or 24,68 | France®” 15yr- 4.8 - Male + +*
every night 2 20yr
>=3 2,900 | Iran®® | 11yr- 7.9 Male +
nights/wk 17yr
Sometimes | 245 UK® | <10yr 27 Peak + + +
or often age

4yr-

Syr

and

8yr-

9yr

NA, not available; AR, allergic rhinitis; URI, upper respiratory tract infection; SES, socio-economic status.

*wheezing

**active smoking

12



1.4 Snoring and Childhood Obstructive Sleep Apnoea (OSA)

Snoring is the most common symptom in children with obstructive sleep
apnoea (OSA), which is at the severe end of the sleep-disordered breathing
(SDB) spectrum.? *1 OSA refers to recurrent episodes of partial or complete
upper airway obstruction during sleep, usually accompanied by intermittent
hypoxia and sleep fragmentation.® Other nighttime manifestations suggesting
OSA include mouth breathing, sweating, sleeping in prone position, enuresis,
restless sleep and so forth.[®® Childhood OSA must be confirmed by the
respiratory event-related parameters generated from polysomnography (PSG),
although its diagnostic criteria have not been standardized. Obstructive apnoea
hypopnea index (OAHI)=1, =1.5, =23, =5 and obstructive apnoea index
(OAl)21have been used as cut-offs for OSA.** According to the International
Classification of Sleep Disorders version Il (ICSD-2), children are diagnosed as
OSA if having (1) habitual snoring, (2) at least one more OSA-related symptom,
and (3) OAHI21.*® Using this criterion, our research group reported an OSA
prevalence of 4.8% for Hong Kong primary school-aged children. Male gender,
obesity and increased adenoid and tonsil size were independent risk factors

associated with presence of OSA.*¥

1.4.1 Clinical Complications of Childhood OSA

[96]

Based on the latest review in 2012,"™ childhood OSA is related to a large

array of sequelae.
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1.4.1.1 Neuropsychological and Cognitive Morbidities of OSA

Around 40 articles directly explored the relationship between OSA and
cognitive or neuropsychological deficits over the last 10 years. Almost all
demonstrated cognitive deficits or behavioral abnormalities in association with
the diagnosis of OSA.® The types of neurocognitive deficits involve general
intelligence,®”*¥ academic performance,*°°*%? executive function®” 9% 103
learning and memory skills,*° 14107 janguage/verbal skills!**® 198112 gng
attention.[?7 101 106, 113-116] iy neractivity and/or Attention-deficit/hyperactivity
disorder (ADHD) symptoms were the most commonly studied and reported
behavioral abnormalities associated with OSA. 113 114 117120 g omatization,
depression, 12 114.118. 121,122 hahavior problems, > 116 119-128] aqaression,
social problems!t# 116118129 gnq excessive daytime sleepiness!® 102 130. 1311
were the other most frequently reported behavioral abnormalities.

It is thought that intermittent hypoxia and/or hypercapnia as well as sleep
disruption are the pathophysiological mechanism of OSA responsible for
adverse daytime neurobehavioral function. They are suspected to cause
prefrontal cortical dysfunction and lead to impaired cognitive execution.!**?
Intermittent hypoxia is a well-known contributor to general intellectual deficits in
adult OSA."**n animal models, intermittent hypoxia induces substantial
increases in neuronal cell loss and adversely affects spatial memory tasks.*3
Several aforementioned studies indeed have shown a correlation between
different PSG indices representing hypoxia and arousals and cognitive and

behavioral outcomes. [0 116. 130, 135]
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There were approximately 20 studies examining the changes in behavior
and/or cognition after surgical treatment of OSA. The majority of investigations
showed agreement about post-treatment improvement of behavior, 115 120 123125,
127,128, 1361 qality of life,12> 127 137141 and hyperactivity and/or ADHD!# 115 118,
120,121,137 1y, ysing subjective questionnaire. Several studies have
demonstrated improved intelligence, attention, memory and analytic thinking by
using objective measurement after treatment of OSA. % 1111371
In summary, these studies suggest that, in developing children, early

diagnosis and treatment of paediatric OSA may improve their long-term

cognitive and social potential and school performance.

1.4.1.2 Cardiovascular Morbidities of OSA

A large number of studies found that cardiovascular changes can occur in
the presence of OSA in children. Studies using more sophisticated techniques
have demonstrated subclinical evidence of cardiac dysfunction, with an effect
on both the right and lift ventricles.*?®! OSA in childhood has also been
shown to exert an effect on both systolic and diastolic blood pressure (BP). A
correlation was demonstrated between the severity of OSA and indices of
elevated BP."15% |n addition, several studies suggest that childhood OSA can
affect autonomic regulation, such as decreased heart rate variability and
tachycardia.*>>*%* These studies suggest that childhood OSA may jeopardize

long-term cardiovascular health. Oxidative stress and sympathetic overactivity
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caused by OSA are proposed mechanisms linking OSA and cardiovascular

consequences.*

1.4.1.3 Metabolic Morbidities of OSA

In children, studies examining the relationship between OSA and
glucose/insulin homeostasis have yielded conflicting results. Several research
groups have demonstrated an independent and positive correlation between the
severity of OSA and insulin resistance in obese children and adolescents,*¢1¢2
and Gozal et al documented a significant reduction in insulin level after
adenotonsillectomy in obese children.*** However, this positive association
was not supported by studies involving prepubertal or non-obese children.!*64-26¢!
Besides, resolution of OSA following adenotonsillectomy™®” 18 or continuous
positive airway pressure (CPAP) therapy!®® did not have any significant
influence on markers of glucose and insulin metabolism. Our data using oral
glucose tolerance test (OGTT) also showed that childhood OSA had no
independent effect on glucose tolerance or insulin sensitivity after adjustment
for obesity, pubertal stage and sleep architecture parameters (unpublished).

The relationship between OSA and glucose metabolism in children thus

remains undefined.

1.4.2 Treatment of Childhood OSA
According to the updated guideline for management of childhood OSA

recommended by the American Academy of Pediatrics,°® adenotonsillectomy
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(AT) remains the primary treatment. Although OSA improved postoperatively,
the proportion of patients who had residual OSA ranged from 13% to 29% in
low-risk populations to 73% when obese children were included. Nevertheless
OSA may improve after AT even in obese children, thus supporting surgery as
a reasonable initial treatment. CPAP is effective in the treatment of OSA, but
compliance is a major barrier. For this reason, CPAP is not recommended as
first-line therapy for OSA when AT is an option. Intranasal steroids may
ameliorate mild OSA, but follow-up is required. Evidence was insufficient to

recommend rapid maxillary expansion.

1.5. Primary Snoring in Children
1.5.1 Definition of Childhood Primary Snoring (PS)

In contrast to OSA, primary snoring (PS) refers to snoring without apnoea,
frequent arousals or gas exchange abnormalities.!*’” Although >95% of the
patients with OSA presented habitual snoring,'*’" not all the children with
snoring would have OSA. It has been verified that PS can not be reliably
distinguished from OSA by clinical symptoms alone.*"? In adults, acoustic
analysis of snoring has recently been carried out to try to identify the degree as
well as the site of obstruction of the upper airway." Such studies, however,
have rarely been conducted or reported in children. Hence the gold standard for
the differentiation between PS and OSA is still nocturnal PSG. In spite of the
not well established agreement of diagnostic criterion for childhood PS, the

most commonly used definition is history of snoring plus OAHI<1.1273178]

17



1.5.2 Clinical Complications of Childhood PS

PS has been positioned at the milder end of the SDB severity
continuum,*’? and treatment is usually not prescribed.*’® Nevertheless,
whether deferment of treatment of PS is safe arouses controversy recently. It
remains unresolved whether c0068ildren with PS would also have adverse
complications. Because PS, in spite of the absence of apnoea or hypopnoea
during sleep, is resulted from the reduction of cross-sectional area and partial
occlusion of the upper airway, hypoxia and possible secondary subtle sleep
disturbance may still occur and it is supposed to be a different entity from non-
snoring subjects. Thereby we hypothesized that children with PS were also at
increased risk of developing clinical morbidities. However the majority of the
previous studies recruited PS children to serve as a control group against OSA
patients, and few of them focused on the comparisons between PS and non-
snoring children. The existing evidence suggested that children with PS had
neurocognitive and behavioral impairments, BP elevation and endothelial
dysfunction (Table 1.2). Therefore PS should no longer be considered as
completely benign.”® The mechanism of the demonstrated morbidities resulted
from PS is not clear, because PS is normally not accompanied by oxygen
desaturation. However researchers assumed that PS might be associated with
subtle hypoxia and/or electroencephalograph (EEG) changes which could not

be detected by the conventional techniques.™*"
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Table 1.2 Previous studies on the clinical complications of childhood

primary snoring compared with non-snoring controls

Author Year Definition of PS | Sample size Age Results
Gozal D 2001 Snoring +Al<2 | 14 PS, 24 7.320.8 Mean sleep latencies
et all™" healthy years were not significantly
controls, 54 different between PS
OSA and normal control
group using MSLT.
Kwok KL | 2003 Snoring 30 PS, 30 9.5+2.8 Children with PS had
etal' +OAHI=1 healthy years increased daytime BP
controls and reduced arterial
distensibility.
O'Brien 2004 Snoring 87 PS, 31 5-7 years | PS associated with
LM et +0OAI<1 healthy worse attention, social
al'® +AHI<5 +Sp0O, | controls problems, anxious
nadir>90% /depressive symptoms
+peak PerCO, and lower cognitive
<50 mmHg abilities, language and
+Arl<20 visuospatial
functions.
Beebe 2004 Snoring 17 PS, 17 6-12 Impairments was found
DW et +AHI<1 healthy years on measures of
al®’ controls, 15 behavior
OSA regulation and some
aspects of attention
and executive
functioning in PS.
Hamasaki | 2007 | N/A 37 PS, 20 6-12 PS showed worse
Uema SF healthy years performance on
et all"%®! controls, 24 learning and memory.
OSA
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(Continued) Previous studies on the clinical complications of childhood

primary snoring compared with non-snoring controls

Author Year Definition of PS | Sample size Age Results
LiAMet | 2009 | Habitual 46 PS, 56 6-13 Nighttime diastolic BP
al'”® snoring healthy years was significantly higher
+0OAHI<1 controls, 88 in the children with PS
+0DI<1 +Sp0O, | OSA compared with controls
nadir=90% after adjusting for age,
sex, and BMI.
Jackman | 2010 Snoring 60 PS, 37 3-5 years | PS was associated with
AR et +OAHI<1 healthy poorer behavior but not
al® controls, 56 cognitive performance.
OSA
Biggs SN | 2011 Snoring +OAHI | 55 PS, 34 7-12 Working memory
et all'® <1 and normal | healthy years deficits at PS was
CO, and SpO, | controls, 38 found compared to
OSA normal controls.
Bourke R | 2011 Snoring 59 PS, 35 7-12 PS had lower general
et al'® +OAHI<1 healthy years intellectual ability and
controls, 43 higher
OSA rates of impairment in
executive and
academic functioning.
Bourke R | 2011 Snoring 57 PS, 35 7-12 Behavioral, attention,
et all'® +OAHI<1 healthy years and executive function
controls, 42 difficulties were present
OSA in children with PS.
Miano S 2011 Habitual 13 PS, 60 8.6+1.9 The IQ estimates of PS
et all'®! snoring +AHI<1 | healthy years and OSA were lower
+microphone- controls, 31 and the ADHD rating
detected OSA scale scores higher
snoring than those of controls.
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(Continued) Previous studies on the clinical complications of childhood

primary snoring compared with non-snoring controls

Author Year Definition of Sample size Age Results
PS
Brockmann | 2012 Habitual 69 PS, 410 9.6£0.7 Compared to non-
PE et all'®® snoring healthy years snoring controls,
+OAHI<1 controls, 23 children with PS had
+RDI<1 UARS/OSA more hyperactive and
+0DI<4 inattentive behavior,
poor school
performance.
Consequences were
similar to those
associated with UARS
or OSA.
Li AM et 2012 Habitual 73 PS, 128 6-18 PS is associated with
al'™ snoring healthy years reduced FMD,
+OAHI<1 controls independent of
obesity.

Al, apnoea index; PS, primary snoring; OSA, obstructive sleep apnoea; MSLT, multiple sleep

latency test; OAHI, obstructive apnoea hypopnoea index; BP, blood pressure; OAIl, obstructive
apnoea index; AHI, apnoea hypopnoea index; PerCO,, end-tidal carbon dioxide pressure levels;
Arl, arousal index; SpO, nadir, oxygen saturation nadir; ODI, oxygen desaturation index; 1Q,
intelligence quotient; ADHD, attention deficit hyperactivity disorder; BMI, body mass index; RDI,
respiratory disturbance index; UARS, upper airway resistance syndrome; FMD, flow-mediated
vasodilation.

1.5.3 Natural History of Childhood PS

Another poorly defined but important issue is that whether PS will progress
to OSA, persist or resolve over time if left untreated. As is mentioned before,
recurrent vibratory trauma resulting from snoring will promote an inflammatory
response leading to mucosal swelling, together with the nervous fibers lesions

affecting the activity of pharyngeal dilator muscles. Therefore we hypothesized
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that PS would worsen and progress to OSA over a period of time if snoring
persisted.

To our knowledge, only three research studies that examined the natural
history of PS in children have been published. The three studies repeated
polysomnography (PSG) in cohorts of 20, 9 and 31 children with PS over a 2-
year, 3-year and 6-month period respectively.!*’® 18" 188 A|| three studies
concluded that PS in children generally did not evolve to OSA over time (Table
1.3). These studies, however, had small sample size and consisted of hospital-

based subjects.
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Table 1.3 Previous studies on the natural history of primary snoring in

children
Author Year | Definition of PS Initial | Sample | Follow-up Results
age size period

Marcus 1998 | Snoring +OAI<1 614 20 2 years No significant

CLet +Sp0O, nadir years changes in PSG

al'’® >90% + peak indicies were
P1CO, <53 found over the
mmHg or follow-up period.
hypoventilation
(PerCO, 250
mmHg) for <10%
of total sleep time

Topol HI 2000 | Snoring +normal 7.712.2 9 3 years

et all'®! findings on PSGs years

Nieminen | 2001 | Snoring +OAHI<1 6.0£1.8 31 6 months

P et all'®”! years

1.6 Aims of the study

In this thesis, we aimed to examine various issues related to snoring,

especially PS in children, including (1) the prevalence of snoring and its

associated risk factors in preschool, primary and secondary school children in

Hong Kong; (2) the neurocognitive and cardiovascular complications of PS; and

(3) the natural history of PS and risk factors associated with its progression to

OSA.
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CHAPTER 2

Prevalence of Snoring in Chinese Pre-school Children

2.1 INTRODUCTION

Snoring is a low-frequency sound produced by vibrations of the soft
tissues in the oropharynx during sleep.® It is the most common manifestation
of sleep-disordered breathing (SDB), with severity ranging from primary snoring
to obstructive sleep apnoea (OSA).? In children, habitual snoring (HS) has
been demonstrated to be associated with a variety of clinical sequelae even in
the absence of sleep apnoea or hypopnoea, including impaired neurobehavior,
poor academic performance," 3" ¥ elevated blood pressure,*’ and reduced
endothelial function.””¥ In addition, several studies have shown that habitual
snorers have significantly more sleep problems, such as parasomnia, restless
sleep, sleep-onset delay and night awakenings. 2% 43 4¢!

HS can occur at any age from infancy to adolescence, with the reported
prevalence ranging from 2.4% to 34.5%.138 46 4. 81 However relatively few data
is available for preschool children, and almost all published studies were carried
out in western countries (Table 2.1). The prevalence rate of HS in preschool
children in Hong Kong has never been reported. A variety of risk factors have
been demonstrated to be associated with HS in preschoolers. Several studies
[50, 54, 55]

demonstrated a positive relationship between HS and male gender,

obesity,®¥ allergic rhinitis,!*> °* > asthma,®* % exposure to environmental
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tobacco smoke (ETS),* %% %4 and low socioeconomic status,?® ** however
these positive associations were not consistent across all studies.*¢*!

In addition, the assessment for ETS exposure in all previous publications
was based on parent-completed questionnaires. Hence there is a possibility of
under-reporting by parents who smoke. An objective indicator is therefore
needed to enhance the reliability when assessing ETS exposure. Cotinine, a
major degradation product of nicotine metabolism, is an important biochemical
marker for quantifying passive exposure to cigarette smoke.**? In this study
urine cotinine which is a non-invasive method widely used in epidemiologic
studies was utilized to examine ETS exposure.

In this study, by using a population-based sample, we aimed to determine
(1) the prevalence of HS, (2) its associated risk factors, and (3) its related sleep

problems in preschool Chinese children.
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Table 2.1 Published community-based studies on prevalence and risk factors of HS in preschool children

Definition Sample Location Age | Prevalence, % Risk factors of habitual snoring
of habitual size range Age Gender | Obesity | AR | Asthma | Eczema | URI Passive Low
snoring smoking SES
Most nights 782 UK®4 4yr- 12.1
S5yr
>=4 4,980 Australia 4yr- 9.4
nights/wk 53] 5yr
Always or 1,471 Finland 1yr- 6.3 - - + + +
often (3] 6yr
NA 985 Turkey™ | 3yr- 7.6 Male
6yr
>=3 1,844 Sweden Syr- 7.7 Female +
nights/wk (sl Tyr
Always or 595 Italy™®! 2yr- 345 - - - + -
often 8yr
More than 346 ust’! 2yr- 13.9 - - - - -
half the 6yr
time
Often 190 France!*®! 5yr- 10 - + + - - -
6yr
>=4 974 Australia 2yr- 10.5 - - - +
nights/wk 4] S5yr
Almost 6,742 UK 1yr- 7.9 Older | Male - + + + + + +
always 4yr age
>=3 11,114 Singapore 4yr- 6.0 Male + + + + +
nights/wk (>4 Tyr
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(Continued) Published community-based studies on prevalence and risk factors of HS in preschool children

Definition Sample Location Age | Prevalence, % Risk factors of habitual snoring

of habitual size range Age Gender | Obesity | AR | Asthma | Eczema | URI Passive Low
snoring smoking SES
>=3 3,019 ust 5yr 12 Male

nights/wk

Every night 325 Sweden® | 4yr 6.2 +

>=3 378 Sweden® | 5yr- 5

nights/wk 6yr

>=3 1,010 ust#l 3yr- 22.0 - +
nights/wk Syr

NA=not applicable

AR, allergic rhinitis; URI, upper respiratory tract infection; SES, socio-economic status.
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2.2 METHODS
2.2.1 Study Population

Healthy Chinese preschool children aged 2-6 years who are Hong Kong
permanent residents were eligible for inclusion. Subjects were excluded from
the study if they were reported by their parents to have cardiovascular, renal or
neuromuscular diseases or chromosomal abnormalities, or if they had
previously undergone upper airway surgery.

Based on our pilot study carried out in a randomly chosen kindergarten,
4.9% (10 out of 205) of children had HS. Assuming the maximum error of
estimate was 1%, the minimum sample size with 95% confidence needed for a
population prevalence was 1,790 children. 9!

All kindergartens registered under the Education Bureau
(http://www.edb.gov.hk/index.aspx?nodelD=480&langno=2) were stratified
according to the four geographic regions in Hong Kong and were randomly
recruited in proportion to childhood population of the respective region

according to 2006 population by-census statistics

(http://lwww.censtatd.gov.hk/hong kong statistics/dashboard/index en GHS.ht

ml). All subjects were recruited within class as a clustered randomised sampling
frame. Consequently a total of 21 kindergartens participated. Sleep survey
guestionnaires (see below) were delivered to parents of 2,954 children.
Informed written consents were obtained from subjects’ parents. Approval by

the ethics committee of the Chinese University of Hong Kong was obtained.
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2.2.2 Questionnaires

An expanded version of a validated sleep pattern and symptom
questionnaire®™ was completed by parents of recruited subjects (Appendix 1).
The questionnaire included specific questions on sleep patterns, sleep-related
behaviours, as well as age, gender and socioeconomic factors. The question on
snoring was “Does your child snore when he/she is asleep?” and the options
given were “never”, “only when he/she suffers from cold or allergy”, “sometimes”
and “frequently”. For the participants who chose the latter two options, a drop-
down list of frequencies was then provided. We defined habitual and occasional
snoring as snoring 23 nights per week and 1-2 nights per week, respectively.
Non-snorers were defined as those reporting “never” or “only when he/she
suffers from cold or allergy”. The respondents were asked to describe their
child’s behaviour during the last two weeks.

The Chinese version of modified International Study of Asthma and
Allergies in Childhood (ISAAC) questionnaires were also given to parents of
consented children (Appendix 2). The modified ISAAC questionnaire asked for
information on demography, asthma, rhinitis and eczema, together with various
possible risk factors, including family history of atopic diseases, environmental

tobacco smoke (ETS) exposures, pet ownership and etc.!*%%

2.2.3 Anthropometry Assessment
At each participating kindergarten, a team of research assistants

conducted on-site weight and height measurements. The weight of subjects
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was measured bare-footed by the electronic scale and standing height by
Harpenden stadiometer. Body mass index (BMI) was calculated as
weight/height? (kg/m?) and were converted to z-scores appropriate for age and

gender, according to local reference.***!

2.2.4 Measurement of Urinary Cotinine

One third of children who completed both questionnaires were randomly
selected to provide urinary sample for cotinine analysis. The sample was
collected on-site by our researchers. Urine was stored at -20°C until analysis for
cotinine by enzyme-linked immunosorbent assay (Calbiotech, Spring Valley,
CA). The detection limit of this assay was 1ng/mL. The inter-assay coefficients
of variation were < 6%. Urine cotinine concentrations were corrected for
creatinine (Cr), which was measured by modified Jaffe reaction (Roche
Diagnostics GmbH, Mannheim, Germany). Increased urinine cotinine was

defined as urinary cotinine concentrations=30ng/mgCr.!*%4

2.2.5 Statistical Analyses

Data were presented as mean (standard deviation), median (interquartile
range) and percentages for parametric, non-parametric and categorical data,
respectively. The prevalence of HS, occasional snoring and non-snoring and
their 95% confidence interval (CI) were calculated.™* The trends of
characteristics across snoring frequency groups were analysed using analysis

of variance (ANOVA) tests for continuous variables and linear-by-linear
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association x? tests for categorical variables, respectively. As urine cotinine
level data were non-parametric and contained zero values, they were
logarithmically transformed (natural log [x +0.1]). Multivariate logistic regression
analyses were subsequently performed to further confirm the association
between potential risk factors and HS or occasional snoring respectively. The
association was assessed in two logistic regression models: (1) partially
adjusted model which was adjusted for age, sex, and BMI z-score; (2) fully
adjusted model which was adjusted for age, sex, BMI z-score as well as other
factors whose p value were<0.1 in partially adjusted model simultaneously. The
sleep problems across the snoring frequency groups were compared by X? tests
and multiple X tests with adjusted p values (significant at p<.016) were used for
post hoc pairwise comparisons. All statistical analyses were performed using
SPSS 16.0 for Windows (SPSS Inc., Chicago, lllinois), and a p value <0.05 was

considered statistically significant.

2.3 RESULTS

Of 2,954 children enrolled, 2,197 questionnaires were returned giving a
response rate of 74.4%. Ten subjects with missing information on snoring were
excluded, leaving 2,187 children for final reporting. Of the whole group, 2,085
subjects also completed the ISAAC questionnaire. The age distribution
(p=0.088), gender (p=0.096), snoring frequency (p=0.970) and monthly family

income (p=0.549) did not significantly differ between subjects who completed
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the ISAAC questionnaire and those who did not. The characteristics of all the

children included in the final analysis are shown in Table 2.2.

2.3.1 Prevalence of HS

In total, there were 120 habitual snorers (5.5%, 95%CI 4.5%-6.5%), 974
occasional snorers (44.5%, 95%CI 42.4%-46.6%), and 1,093 non-snorers
(50.0%, 95%CI 47.9%-52.1%). Figure 2.1 showed the prevalence of HS by age
and sex. Prevalence of HS increased significantly with age (p=0.001) and
reached its peak at 6 years of age. Difference in the prevalence of HS between
boys (6.2%) and girls (4.7%) did not reach statistical significance in the whole
cohort (p=0.131). Neither could significant differences between gender be found

in each age subgroup.
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Figure 2.1 Prevalence of habitual snoring (HS) by age and gender in

preschool children
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Total N 155 349 316 294 52
Girls % of 3.3 4.5 4.9 4.7 9.1
HS
Total N 151 291 288 236 55
All % of 4.9 3.8 4.8 7.0 14.0
HS
Total N 306 640 604 530 107

2.3.2 Risk Factors for HS

The possible risk factors for HS were compared between different snoring
groups (Table 2.2). A number of variables were demonstrated to have a dose-
response relationship with snoring frequency. The proportions of older subjects,

33



boys, household smoking, allergic rhinitis, eczema, food allergy and maternal

allergy as well as BMI z-score increased across groups.

Table 2.2 Characteristics of all subjects and distribution of variables

according to snoring status in preschool children

All Nonsnorers Occasional Habitual  p for
snorers snorers  trend
Demographic factors
Age 4.24 (1.08) 4.19 (1.08) 4.24 (1.06) 4.61 .001
(1.15)
Male gender (%) 53.3 50.3 55.9 60.0 .003
BMI z-score 0.23 (1.07) 0.17 (1.05) 0.28 (1.08) 0.38 .014
(1.22)
Socioeconomic factors
Monthly family income (%) .992
<10,000$HK 245 25.0 24.6 18.6
10,000- 69.0 67.6 69.6 77.1
50,000$HK
>50,000$HK 6.5 7.4 5.8 42
Paternal education (%) 252
Primary school 14.6 15.9 13.7 10.3
Secondary 66.9 65.9 66.9 75.0
school
Tertiary school 18.5 18.1 194 14.7
Maternal education (%) 721
Primary school 15.3 16.8 13.9 12.9
Secondary 701 67.9 71.8 76.7
school
Tertiary school 14.6 154 14.2 10.3
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(Continued) Characteristics of all subjects and distribution of variables

according to snoring status in preschool children

All Nonsnorers  Occasional Habitual p for
snorers snorers trend
Envioronmental factors
Sleep in own room (%) 19.7 19.2 20.6 15.8 .978
Furry pet keeping (%) 6.9 7.0 6.6 8.6 .891
Maternal smoking 3.5 3.0 3.7 6.1 113
during pregnancy (%)
Household smoking <.001
No smoking (%) 60.6 64.4 56.7 56.9
1-10 cigarettes/day 32.0 30.0 34.3 31.0
(%)
>10 cigarettes/day 7.5 5.6 9.0 12.1
(%)
In Urine cotinine/Cr 1.84 (1.11)  1.78 (1.06) 1.92 (1.17) 1.81 (1.01) .230
(ng/mgCr)
Increased urine 10.8 8.3 13.6 10.8 .081

cotinine (%)
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(Continued) Characteristics of all subjects and distribution of variables

according to snoring status in preschool children

All Nonsnorers Occasional Habitual p for
snorers snorers trend
Clinical factors
Natural birth (%) 65.2 65.5 65.4 60.3 484
Birth weight <2500g (%) 8.1 8.0 8.4 6.2 .853
Preterm (%) 8.2 8.9 7.7 7.1 .290
Breastfeeding (%) 50.2 50.8 49.9 47.4 510
Allergic rhinitis (%) 26.6 235 27.7 45.7 <.001
Asthma (%) 5.3 5.3 5.1 7.8 .598
Eczema (%) 34.6 32.9 34.6 50.9 .004
Food allergy (%) 3.7 2.7 4.3 6.9 .007
URI during past 4 weeks 314 32.7 294 355 .200
(%)
Paternal allergy (%) 34.5 32.8 35.4 42.0 .068
Maternal allergy (%) 33.1 31.9 32.2 50.9 .013

BMI, body mass index; Cr, creatinine; URI, upper respiratory tract infection.

Table 2.3 shows the results of logistic regression analyses identifying risk

factors for HS. With reference to the non-snoring group, older age, higher BMI

z-score, allergic rhinitis, eczema and maternal allergy were significantly

associated with HS in the fully adjusted model.
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Table 2.3 Risk factors

associated with habitual snorers with reference to non-snorers in preschool children

Univariate model

Partially adjusted model

Fully adjusted model

OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value

Demographic factors

Age 1.37 <.001 1.2 .016 1.30 .015
(1.16-1.63) (1.04-1.50) (1.05-1.62)

Male gender 1.48 .045 1.41 .089 1.20 433
(1.01-2.17) (0.95-2.11) (0.76-1.91)

BMI z-score 1.21 .040 1.21 .042 1.32 .009
(1.01-1.45) (1.01-1.46) (1.07-1.64)
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(Continued) Risk factors associated with habitual snorers with reference to non-snorers in preschool children

Univariate model Partially adjusted model Fully adjusted model

OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value
Socioeconomic factors
Monthly family income
10,000-50,000$HK vs 1.38 193 1.44 146
<10,000$HK (0.85-2.23) (0.88-2.35)
>50,000$HK vs <10,000$HK 0.74 .561 0.83 717
(0.27-2.02) (0.30-2.29)
Paternal education
Secondary school vs primary 1.75 .080 1.80 .071 1.40 .389
school (0.94-3.28) (0.95-3.40) (0.65-2.98)
Tertiary school vs primary school 1.24 577 1.28 .540 1.14 .782
(0.58-2.68) (0.58-2.81) (0.46-2.84)
Maternal education
Secondary school vs primary 1.47 187 1.43 224
school (0.83-2.60) (0.80-2.56)
Tertiary school vs primary school 0.88 .740 0.95 .895
(0.40-1.93) (0.43-2.11)
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(Continued) Risk factors associated with habitual snorers with reference to non-snorers in preschool children

Univariate model Partially adjusted model Fully adjusted model
OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value
Envioronmental factors
Sleep in own room 0.79 370 0.66 .146
(0.47-1.32) (0.38-1.15)
Furry pet keeping 1.25 523 1.35 403
(0.63-2.50) (0.67-2.72)
Maternal smoking during 2.09 .088 2.07 .099 1.98 .198
pregnancy (0.90-4.84 (0.87-4.92) (0.70-5.63)
Household smoking
1-10 cigarettes/day vs no 1.17 473 1.20 405 1.39 .198
smoking (0.76-1.79) (0.78-1.86) (0.84-2.28)
>10 cigarettes/day vs no 2.45 .006 2.09 .029 1.98 .082
smoking (1.30-4.62) (1.08-4.07) (0.92-4.29)
Urine cotinine/Cr 1.00 Ja77 1.00 971
(0.98-1.02) (0.98-1.02)
Increased urine cotinine 1.35 .598 1.65 390

(0.45-4.05) (0.53-5.13)




(Continued) Risk factors associated with habitual snorers with reference to non-snorers in preschool children

Univariate model Partially adjusted model Fully adjusted model

OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value

Clinical factors

Allergic rhinitis 2.74 <.001 2.34 <.001 1.68 .044
(1.85-4.05) (1.56-3.52) (1.01-2.77)

Asthma 151 274 1.35 437
(0.72-3.13) (0.64-2.84)

Eczema 2.12 <.001 2.17 <.001 1.65 .037
(1.44-3.11) (1.46-3.23) (1.03-2.63)

Food allergy 2.67 .018 2.94 011 1.44 .505
(1.19-6.00) (1.28-6.77) (0.50-4.25)

URI during past 4 weeks 1.13 .557 1.33 .187
(0.75-1.71) (0.87-2.04)

Paternal allergy 1.47 .070 1.68 .019 1.25 351
(0.97-2.24) (1.09-2.59) (0.78-2.01)

Maternal allergy 2.22 <.001 2.27 <.001 1.66 .044
(1.48-3.33) (1.49-3.44) (1.01-2.70)

BMI, body mass index; Cr, creatinine; URI, upper respiratory tract infection.



These analyses were repeated for the less severe categories of snoring.
Partially adjusted model showed that male gender (OR 1.25, 95%CI 1.05-1.50,
p=.015), higher BMI z-score (OR 1.11, 95%CI 1.02-1.21, p=.018), food allergy
(OR 1.82, 95%CI 1.08-3.06, p=.024), household smoking (1-10 cigarettes/day:
OR 1.30, 95%CI 1.07-1.59, p=.009; >10 cigarettes/day: OR 1.75, 95%CI 1.22-
2.52, p=.003) and increased urine cotinine (OR 1.85, 95%CI 1.12-3.04, p=.016)
were significantly associated with presence of occasional snoring. However
when fully adjusted, only household smoking (1-10 cigarettes/day: OR 1.37,
95%CI 1.11-1.70, p=.003; >10 cigarettes/day: OR 1.65, 95%CI 1.13-2.41,
p=.010) and increased urine cotinine (OR=1.82, 95%CI 1.08-3.06, p=.024)
remained statistically significant. As these two variables reflected a similar risk
factor and were significantly correlated (p<.001), they were entered into the fully

adjusted model separately.

2.3.3 Sleep Problems Associated with HS
Habitual snorers were demonstrated to have more problems with going to
sleep reluctantly, difficulty in falling asleep, night awakenings and sleep in prone

position as well as more overall poor sleep quality than non-snorers (Table 2.4).

41



Table 2.4 Comparison of sleep problems between snoring status

Non-snorers Occasional Habitual p
snorers snorers

Going to bed reluctantly 12.6 17.3 24.2 <.001
(%)a,b
Difficulty in falling asleep 9.8 12.9 18.3 .006
>3 nights/week (%)°
Night awakenings=3 12.4 13.0 25.0 .001
nights/week (%)>°
Nocturnal sleep 2.5 3.2 5.9 104
duration<9 hours (%)
Sleep in prone position 13.5 13.5 24.4 .004
(%)
Overall poor sleep quality 4.5 6.2 17.5 <.001
(%)b,c

4 p<.016, non-snorers vs occasional snorers.
P p<.016, non-snorers vs habitual snorers.
¢ p<.016, occasional snorers vs habitual snorers.

2.4 DISCUSSIONS

To our knowledge, this is the first population-based study carried out in this
region to examine the prevalence of HS among Chinese 2- to-6-year-old
preschool children. It was a territory wide survey with random clustering,
therefore a reliable representative of the whole of Hong Kong. The prevalence
rate of HS was 5.5% in this age group. Older age, higher BMI z-score, allergic
rhinitis, eczema and maternal allergy were identified to be independent risk
factors associated with HS. Habitual snorers also had problems with initiating

and maintaining sleep and they were more likely to adopt unusual sleep posture.
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Our prevalence of HS in preschool children is lower than figures from
ltaly,!*® the United States, > *"! Australia,*® Britain®®® and Turkey!** where rates
from 7.6% to 34.5% had been reported. Our finding of 5.5% was consistent with
figures reported from Singapore (6.0%)¥ (Table 2.1). Such a wide discrepancy
may be attributed to different races, environment, definition of HS and methods
of sampling. It may be because Chinese children accounted for over 70% of

their population that the Singapore’s study®®*

provided a similar prevalence rate
as ours. Moreover HS was demonstrated to be less prevalent in Chinese
children than that in Malay children in that survey. ®* In a recent multi-centre
survey conducted across Asia Pacific in children aged from birth to 36 months,
Chinese children had a lower prevalence of HS than Caucasian children. It is
likely that inter-ethnic differences may be present in craniofacial morphology,
body fat distribution and neural control of the upper airway muscle interact to
produce the snoring susceptible phenotype.

In our study, older age increased the risk of having HS and the prevalence
rate peaked at 6 years of age. Our previous prevalence study conducted in
primary school Hong Kong children and other researchers also documented
that HS was more prevalent at 6 or 7 years of age.!?® 2 50.6%. 71 This association
between age and HS seems to be in accordance with the peak age of tonsillar
hypertrophy.*°! Adenotonsillar hypertrophy which is a well-known cause of

upper airway obstruction has been identified as a risk factor for HS in

children 148 60. 64, 68]
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It is underastandable that higher BMI z-score was found to be a significant
independent risk factor associated with snoring. Obesity leads to restricted
upper airway size primarily through overgrowth and crowding of soft tissues and
has been regarded as a well-documented risk factor for childhood obstructive
sleep apnoea (OSA).™ MRI data in adults showed that volumes of soft tissue
(tongue, lateral pharyngeal walls, parapharyngeal fat pads, total soft tissue)
increased significantly with increasing BMI.1**®! Our research group also
demonstrated that obesity was correlated with enlarged adenoids and smaller
velopharyngeal isthmus in children and was a risk factor for obstructive SDB.™’]
In primary school children, increasing epidemiology studies have also identified
higher BMI z-score as an independently risk factor for HS.[?6: 28 60. 66.83, &
Although adenotonsillectomy is still the first-line therapy for childhood OSA, its
cure rate in obese children is unsatisfactory.'®® Thereby weight reduction must
be a necessary component in the management of obesity-related snoring or
OSA.

Our result indicated that allergic rhinitis, eczema and maternal allergy were
risk factors associated with HS. Atopic diseases such as allergic rhinitis, asthma
and eczema as independent risk factors for HS have been previously
r(:)pc)rted.[ZG, 28, 43, 48-50, 54, 58, 60, 62, 65, 68, 69, 71, 83, 85, 88, 198] AIIergic rhinitis related
inflammation and narrowing to the upper airways would increase flow
resistance and hence one’s liability to snore. Positive parental allergy affects
offsprings’ HS may be through familial transmission of allergic nature (1991 gp

snoring itself, as allergy is also associated with snoring in adults.'**” At present
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several research studies have revealed parental snoring as a significant risk
factor for their children’s HS.[?® 43.€0.62.88] There seemed to be a stronger
maternal association in our study. It could not simply be explained by the
traditional caretaking role of mothers in Hong Kong Chinese families.
Alternative reasons for the maternal predisposition of snoring such as genetic
component via maternal transmission or other hidden confounding factors
would need further study. Intranasal steroids may ameliorate mild childhood
OSA,P®while studies on whether snoring without apnoea could also be relieved
by anti-inflammatory threatment are still lacking and worth elaborating.
Controversial findings exist in terms of the role of ETS exposure in
developing HS.[ZG' 28, 43, 46, 48, 50, 54, 58, 60, 63, 65, 66, 68, 71, 198] To our knowledge, this is
the first population-based study using urinary cotinine together with
guestionnaires to examine the effect of ETS on snoring in children. Interestingly
our findings indicated that occasional snoring seemed to be more significantly
associated with passive smoking than habitual snoring did, measured by urine
cotinine. In this study, the HS group included greater proportion of children with
atopic diseases and parental allergy (Table 2), thus parents from this group are
more likely to avoid smoking in close proximity for the sake of their children’s or
their own health, resulting in a lower urinary cotinine concentration than
expected. In addition, the sample size of subjects who underwent urine cotinine
test was 349, 309 and 36 in nonsnorers, occasional snorers and habitual
snorers respectively. The small sample size of HS group could explain the

negative results. Overall we still provided evidence suggesting exposure to ETS
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as a highly possible independent risk factor for snoring in preschoolers. One
study conducted in adults suggested that smoking may induce oropharyngeal
narrowing and collapse through histological changes of the uvular mucosa due
to increased neurogenic inflammation.?®™ Further intervention study involving
smoking cessation is required to confirm this finding. In addition, effects of
general air pollution on childhood snoring would be interesting and potentially
significant.

HS was shown to be linked with bedtime resistance, difficulty falling asleep,
increased night awakenings and sleep in prone position, and overall sleep
quality was reduced compared to nonsnorers. These findings are in agreement
with a number of previous results in preschool children.[*® 4> 5% 5 Recurrent
snoring may signify partial obstruction of upper airway and children would
choose prone position to achieve better upper airway patency. Hypoxia during
sleep would be compensated by arousals or even awakenings to resume
normal neuromuscular regulation to maintain upper airway patency. Hence
disturbed sleep could lead to sleep resistance in preschool children.

One limitation of our study was the lack of objective measurements for
snoring, a limitation shared with other community-based surveys. But the
majority of our subjects shared bedrooms with their parents who might pay
more attention to their children’s sleep behaviour at this age. A previous
publication showed a significant and independent association between
parentally reported and objectively measured HS.[*®! Because of restricted

resources, overnight monitoring recording snoring and other sleep-related
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parameters was clearly impractical for a large population survey. Another
limitation was that we asked parents about their children’s snoring during the
past two weeks and the questionnaires were distributed altogether during one
summer. Therefore seasonality of symptoms was not dealt with adequately, as
presence of snoring might be affected by seasonal variation of allergic diseases.

In conclusion, we found the prevalence of HS in Chinese preschool
children to be lower than counterparts in other countries. Older age, BMI z-
score, allergic rhinitis, eczema and maternal allergy were independent risk
factors of HS. Exposure to ETS was an independent risk factor of occasional
snoring. HS was also demonstrated to be associated with various sleep

disturbances.
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CHAPTER 3

Prevalence of Snoring in Chinese School-aged Children and Adolescents

3.1 INTRODUCTION

Snoring is a low-frequency sound produced by vibrations of the soft
tissues in the oropharynx during sleep.® It is the most common manifestation
of sleep-disordered breathing (SDB), with severity ranging from primary snoring
to obstructive sleep apnoea (OSA).? In children, habitual snoring (HS) has
been demonstrated to be associated with a variety of clinical sequelae even in
the absence of sleep apnoea or hypopnoea, including impaired neurobehavior,
poor academic performance," 3" ¥ elevated blood pressure,*’ and reduced
endothelial function.*"

Various research groups have investigated prevalence of HS in school-
aged children and adolescents but have yielded heterogeneous results (Table
3.1). In Hong Kong, a telephone survey was carried out involving primary
school children and the prevalence of HS was reported to be 10.9%. However,
the study had a response rate of only 50%, such that sampling bias might
exist.'*” Our research group utilized a validated parent-completed questionnaire
to conduct a territory-wide survey in children aged 6-13 years in 2003, giving a
HS prevalence rate of 7.2%.%® To our knowledge, population-based
prevalence of HS in secondary school adolescents in this locality is not

available.
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A variety of risk factors have been reported to associate with HS in
children and adolescents. Several studies demonstrated a positive relationship
between HS and male gender, obesity, allergic rhinitis (AR), asthma, exposure
to tobacco smoke and low socioeconomic status, however these positive
associations were not consistent across all studies (Table 3.1).

In this study, we aimed to determine the prevalence of HS and its
associated risk factors in children and adolescents aged 8-17 years in Hong

Kong, using a population-based approach.
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Table 3.1 Published community-based studies on prevalence and risk factors of HS in school-aged children and

adolescents

Definition N Location Age Prevalence, Risk factors of habitual snoring
of habitual range % Age Gender | Obesity | AR | Asthma | Eczema | URI | Passive | Race | Low
snoring smoking SES
Frequently 1,164 Turkey[zs] Tyr- 3.5 Younger Male + + + + -
or almost 13yr age
everyday
Frequently | 20,152 China®” 5yr- 12.0 Peak Male + + + + +
or almost 12yr age 7yr
always
Yes/No 652 Belgium®" |  6yr- 326 + +*
12yr

>=3 6,349 Hong 5yr- 7.2 Peak Male + + + - + - -
nights/wk Kong®®! 14yr age 6yr-

Tyr
>=6 3,047 Hong 6yr- 10.9 Male +
nights/wk Kong[ez] 12yr
Often or 2,147 | Turkey®™ | 5yr- 7.0 Peak Male + + +
always 13yr age

11yr-

13yr
Everyday 1,211 Turke® Byr- 2.4

13yr

Always or 806 uste! Byr- 15.1 - Male +
often 12yr
Frequently 1,129 Germany | 9.6%0.7 10.0 - - + - - +
or always [66) yr
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(Continued) Published community-based studies on prevalence and risk factors of HS in school-aged children

and adolescents

Definition N Location Age Prevalence, Risk factors of habitual snoring
of habitual range % Age Gender | Obesity | AR | Asthma | Eczema | URI | Passive | Race | Low
snoring smoking SES
Yes/No 1,404 | Sweden®! | 6yr- 23.0
11yr
Most 1,008 Thailand Gyr- 8.5 - - - + -
nights [68] 13yr
Often 1,615 Italy Byr- 7.3 Younger - + - +
[69] 13yr age
Frequently 976 Portugal Byr- 8.6 - - +
trol 11yr
>=4 996 Australia 4yr- 15.2 Younger - + + +
nights/wk 71l 12yr age
Frequently 998 Brazil Oyr- 27.6 +
172] 14yr
Frequently | 5,979 Chinal™ 2yr- 5.6 - Male
12yr
At least 473 us 3yr- 22.9 Peak - + -
some 14yr age 3yr-
nights 6yr
>3 1,198 Turkey" 3yr- 3.3 - + - +
nights/wk 11yr
Always 895 Italy®! 3yr- 4.9 Male
11yr
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(Continued) Published community-based studies on prevalence and risk factors of HS in school-aged children
and adolescents

Definition of N Location Age Prevalen Risk factors of habitual snoring
habitual range ce, % Age Gender | Obesity | AR | Asthma | Eczema | URI | Passive | Race | Low
snoring smoking SES
Yes/No 909 Nigeria 3yr-16yr 34.2 Peak - -
[77] age
3yr-6yr
Always 3,680 Greece | 1yr-18yr 4.2 - Male + +
(78]
Frequently or 1,481 ustel 4yr-11yr 10.5 - - Hispa
almost always nic
Often 1,784 Turkey | 4yr-17yr 4.1 +
12l
Often 2,209 | Italy® | 10yr-15yr 5.6 Older | Male + + - + +
age
Every or 1,014 ust 13yr-16yr 6
nearly every
night
>=3 nights/wk | 3,871 | Korea®" | 15yr-18yr 11.2 -
Often or 1,030 Turkey | 12yr-17yr 4.0 Younge - +
always [85) r age
Very often 332 Austria | 11yr-15yr 21
(86l
Often or every | 24,682 | France | 15yr-20yr 4.8 - Male + +**
night 187]
>=3 nights/wk | 2,900 | Iran® | 11yr-17yr 7.9 Male +

HS, habitual snoring; AR, allergic rhinitis; URI, upper respiratory tract infection; SES, socio-economic status.

*wheezing; **active smoking
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3.2 METHODS
3.2.1 Study Population

This prevalence study of HS in school-aged subjects was carried out
concurrently with a community-based study aiming to develop 24-hour
ambulatory blood pressure reference values for Hong Kong Chinese children
and adolescents aged 8-17 years. Healthy Chinese primary school children and
secondary school adolescents who are Hong Kong permanent residents were
eligible for inclusion. Subjects were excluded from the study if they were
reported by their parents to have cardiovascular, renal or neuromuscular
diseases or chromosomal abnormalities, or if they had previously undergone
upper airway surgery.

Based on our previous study carried out in primary school children, 7.2%
of children had HS."*® Assuming the prevalence of HS was also the same for
secondary school adolescents and a maximum error of estimate of 2%, the
estimated sample size with 95% confidence needed for a population prevalence
was 642 children.**!

A two-stage cluster sampling method was used. With the assistance of the
Department of Education, a sampling frame of all primary and secondary
schools in Hong Kong was complied. The first stage involved selection of
schools and the second stage the students. All students who joined the study
were randomly selected by computer generated numbers. Consequently a total
of 14 primary schools and 18 secondary schools participated. In total, 1,615

children and adolescents were given sleep symptom questionnaires to be
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completed by their parents/care-givers (see the section of ‘Questionnaires’).
Informed written consent was obtained from the subjects’ parents. Approval by

the ethics committee of the Chinese University of Hong Kong was also obtained.

3.2.2 Questionnaires

The parents of all participants were invited to complete a questionnaire
providing demographic information, sleep symptom / pattern and family or
personal medical history (Appendix 3) Snoring frequency was assessed by a
single question, namely “How often did he/she snore during sleep over the past
one year?” and was rated on a 4-point scale: 1=never; 2=less than one night
per month; 3=one to two nights per week; 4=three nights or more per week. The
subjects were divided into three groups according to snoring frequency for
comparisons: (1) non-snorers, those scoring “1”; (2) occasional snorers, those
scoring “2” or “3”; and (3) habitual snorer, those scoring “4”. A simplified
Chinese version of modified International Study of Asthma and Allergies in

Childhood (ISAAC) questionnaire was also completed by parents (Appendix 4).

3.2.3 Anthropometry Assessment

A team of three trained research staff visited each selected school on a
pre-arranged date to collect the anthropometric data. All instruments were
validated following the standard methods recommended by the manufacturers,
and the balances were zero calibrated. Standing height without shoes was

measured using a height measuring instrument (seca 217, UK) to the nearest
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0.1 cm. Body weight was measured with the lightest clothing to the nearest 0.1
kg by an electronic weighing scale (Tanita BF-522, Japan). Body mass index
(BMI) was calculated as weight/height?® (kg/m?) and were converted to z-scores
appropriate for age and gender, according to local reference.™®3 All participants
completed a validated self-reported Pubertal Development Scale in Chinese
version for pubertal staging.'*®? Subjects were categorized as prepubertal,

defined as Tanner stage 1, or pubertal, defined as Tanner stage 2 or greater.

3.2.4 Statistical Analyses

Data were presented as mean (standard deviation) and percentages for
continuous and categorical data, respectively. The prevalence of HS,
occasional snoring and non-snoring and their 95% confidence interval (Cl) were
calculated.”®¥ The trends of characteristics across snoring frequency groups
were analysed using analysis of variance (ANOVA) tests for continuous
variables and linear-by-linear association x? tests for categorical variables,
respectively. Multivariate logistic regression analyses were subsequently
performed to further confirm the association between potential risk factors and
HS or occasional snoring respectively. The association was assessed in two
logistic regression models: (1) partially adjusted model which was adjusted for
age, sex, and BMI z-score; (2) fully adjusted model which was adjusted for age,
sex, BMI z-score as well as other factors whose p value were<0.1 in partially

adjusted model simultaneously. All statistical analyses were performed using
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SPSS 16.0 for Windows (SPSS Inc., Chicago, lllinois), and a p value <0.05 was

considered statistically significant.

3.3 RESULTS

All of the 1,615 subjects returned both questionnaires. Two subjects with
missing information on snoring frequency were excluded, leaving 1,613
completed questionnaires for final analysis. The characteristics of all subjects

are shown in Table 3.2.

3.3.1 Prevalence of HS

A total of 149 subjects had HS (9.2%, 95%CI 7.8%-10.6%) and 546 had
occasional snoring (33.8%, 95%CI 31.5%-36.1%). Figure 3.1 showed the
prevalence of HS by age and gender. No significant differences in prevalence of
HS were found between age groups either for the cohort as a whole or
exclusively for boys or girls. While linear-by-linear association x? test showed
that there was a significant decreasing trend with increasing age in the
prevalence of HS in the whole population (p=.021) and in girls (p=.016). In
general boys had significantly higher prevalence of HS than girls (11.9% vs

6.6%, p<.001).
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Figure 3.1 Prevalence of habitual snoring (HS) by age and gender in

school-aged children and adolescents
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Boys % of HS | 145 | 14.7 | 11.2 9.9 10.0 | 16.9 | 11.3 5.6 13.7 | 10.0
Total N 62 109 98 81 100 83 71 72 73 60
Girls % of HS 7.7 9.0 9.2 10.6 6.2 7.4 0 6.5 6.5 1.4
Total N 65 111 87 85 81 68 78 62 93 74
All % ofHS | 11.0 | 11.8 | 10.3 | 10.2 8.3 12.6 54 6.0 9.6 5.2
Total N 127 220 185 166 181 151 149 134 166 134
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3.3.2 Risk Factor for HS

The possible risk factors for HS were compared between different snoring
groups (Table 3.2). BMI z-score and the proportions of boys, higher parental
education, AR, eczema, food allergy and parental allergy increased whereas
age decreased across different snoring frequency groups, from non-snoring to

habitual snoring.

Table 3.2 Characteristics of all subjects and distribution of variables

according to snoring status in school-aged children and adolescents

All Non- Occasional Habitual p for
snoring snoring snoring trend
Demographic factors
Age (year) 12.8(2.8) 13.1(2.8) 123(2.8) 12.3(2.7) <.001
Male gender (%) 50.2 44.8 55.3 64.4 <.001
BMI z-score 0.33(1.04) 0.20(1.00) 0.39(1.05) 0.87(1.12) <.001
Puberty (%) 86.2 87.8 83.5 86.6 131
Socioeconomic factors
Patermal education .009
(%)
Primary school 13.7 15.3 11.9 11.4
Secondary school 67.4 67.2 69.6 62.4
Tertiary school 18.6 17.5 18.5 26.2
Maternal education .009
(%)
Primary school 13.3 15.4 10.4 11.4
Secondary school 73.5 72.3 76.7 70.5
Tertiary school 13.0 12.3 12.8 18.1
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(Continued) Characteristics of all subjects and distribution of variables

according to snoring status in school-aged children and adolescents

All Non- Occasional  Habitual p for
snoring snoring snoring trend

Environmental factors
Household pet (%) 20.0 21.7 18.1 16.8 .056
Household smoking .093
(%)
Nil 69.0 70.4 67.9 64.4
1-10 cigarettes/day 23.5 22.2 26.0 22.8
>10 cigarettes/day 7.5 7.4 6.0 12.8
Clinical factors
Birthweight <2500g 6.2 6.3 6.2 6.1 .937
(%)
Preterm (%) 5.7 5.0 6.2 8.1 113
Breastfeeding (%) 50.3 49.2 52.9 47.7 .630
Asthma (%) 6.0 5.6 6.0 8.7 190
Eczema (%) 11.6 10.4 12.6 16.1 .029
Allergic rhinitis (%) 26.6 21.0 33.0 38.3 <.001
Food allergy (%) 8.7 6.6 11.5 11.4 .002
Paternal allergy (%) 22.9 18.4 28.2 31.5 <.001
Maternal allergy (%) 25.2 20.9 31.3 29.5 <.001

Table 3.3 shows the results of logistic regression analyses identifying risk

factors for HS. With reference to the non-snoring group, male gender, higher

BMI z-score, more household smoking, presence of AR and paternal allergy

were significantly associated with HS in the fully adjusted model
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Table 3.3 Risk factors associated with habitual snorers with reference to non-snorers in school-aged children

and adolescents

Univariate model

Partially adjusted model

Fully adjusted model

OR (95%Cil) p value OR (95%Cl) p value OR (95%Cl) p value

Demographic factors

Age 0.89 .001 0.93 .030 0.95 154
(0.84-0.95) (0.87-0.99) (0.88-1.02)

Male gender 2.23 <.001 2.08 <.001 2.00 <.001
(1.56-3.20) (1.43-3.01) (1.36-2.94)

BMI z-score 1.96 <.001 1.85 <.001 1.97 <.001
(1.63-2.36) (1.53-2.23) (1.61-2.40)

Puberty 0.90 .678 0.93 .815
(0.54-1.50) (0.52-1.67)




(Continued) Risk factors associated with habitual snorers with reference to non-snorers in school-aged children

and adolescents

Univariate model

Partially adjusted model

Fully adjusted model

OR (95%Cil) p value OR (95%Cl) p value OR (95%Cl) p value
Socioeconomic factors
Paternal education
Secondary school vs primary 1.25 413 1.21 .513 1.06 .851
school (0.72-2.16) (0.69-2.13) (0.56-2.02)
Tertiary school vs primary 2.01 .026 1.86 .057 1.46 .355
school (1.09-3.71) (0.98-3.53) (0.65-3.27)
Maternal education
Secondary school vs primary 1.31 .326 1.30 .364 1.04 907
school (0.76-2.26) (0.74-2.28) (0.54-1.99)
Tertiary school vs primary 1.98 .041 1.87 .072 1.27 .603
school (1.03-3.82) (0.95-3.71) (0.52-3.08)
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(Continued) Risk factors associated with habitual snorers with reference to non-snorers

and adolescents

in school-aged children

Univariate model

Partially adjusted model

Fully adjusted model

OR p value OR p value OR p value
(95%Cl) (95%Cl) (95%Cl)
Envioronmental factors
Pet keeping 0.73 A71 0.83 447
(0.46-1.15) (0.52-1.34)
Household smoking
1-10 cigarettes/day vs no smoking 1.12 594 0.93 744 1.22 404
(0.74-1.71) (0.60-1.45) (0.76-1.95)
>10 cigarettes/day vs no smoking 1.88 .025 1.93 .028 2.34 .007
(1.08-3.27) (1.08-3.47) (1.26-4.34)
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(Continued) Risk factors associated with habitual snorers with reference to non-snorers in school-aged children

and adolescents

Univariate model

Partially adjusted model

Fully adjusted model

OR (95%Cil) p value OR (95%CiI) p value OR (95%Cil) p value

Clinical factors

Allergic rhinitis 2.33 <.001 2.45 <.001 2.07 .001
(1.61-3.36) (1.66-3.61) (1.37-3.13)

Asthma 1.63 134 1.31 428
(0.86-3.07) (0.67-2.58)

Eczema 1.66 .041 1.73 .036 1.20 515
(1.02-2.70) (1.04-2.88) (0.69-2.10)

Food allergy 1.81 .041 1.93 .031 1.57 170
(1.03-3.19) (1.06-3.53) (0.82-2.99)

Paternal allergy 2.04 <.001 2.11 <.001 1.61 .033
(1.39-2.99) (1.41-3.15) (1.04-2.51)

Maternal allergy 1.59 .020 1.63 .019 1.25 322
(1.08-2.33) (1.08-2.45) (0.81-1.93)
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These analyses were repeated for occasional snoring. Fully adjusted
model showed that younger age (OR 0.91, 95%CI 0.88-0.95, p<.001), male
gender (OR 1.48, 95%CI 1.20-1.85, p<.001), higher BMI z-score (OR 1.20,
95%Cl 1.08-1.34, p<.001), paternal allergy (OR 1.40, 95%Cl 1.07-1.82, p=.015),
maternal allergy (OR 1.43, 95%CI 1.10-1.85, p=.007), food allergy (OR 1.72,
95%Cl 1.17-2.53, p=.006) and AR (OR 1.51, 95%CI 1.17-1.96, p=.002) were

significantly associated with presence of occasional snoring.

3.4 DISCUSSIONS

To our knowledge, this is the first epidemiological study to determine the
prevalence of HS and its related risk factors covering both primary and
secondary school subjects in Hong Kong. Our findings showed that the overall
prevalence of HS was 9.2% in 8 to 17-year old children / adolescents, and the
probability of having HS increased with younger age, male gender, obesity,
atopy, parental allergy and exposure to household smoking after full adjustment.

The prevalence of HS in school-aged children and adolescents from
different countries or areas vary widely (Table 3.1). Such a wide discrepancy
may be attributed to different age groups, races, environment, definition of HS
and methods of sampling. Our prevalence seemed to be at the average level
amongst the prevalence rates reported worldwide. In terms of prevalence of HS
in primary school children aged 8-11 years in this study, our findings were
comparable to previous data from Germany,®¥ Thailand,®® Portugal,l’” Italy®®!

as well as China!®” and another local study®® but lower than figures reported
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from Belgium,'®” Brazill”? and Sweden!®”! and higher than the prevalence rate in
Turkey.!?® %4 1n 2003, our research group conducted a population-based survey
in children aged 6-13 years using identical definition of HS and generated a
prevalence rate of 7.2%,?® which was a little lower than what we derived at
present in 2012. It is possible that there is increasing prevalence of HS amongst
primary school children in Hong Kong over the past decade, parallel to a
concurrent increase trend in the prevalence of childhood obesity.!2%* 204

The majority of studies examining prevalence of HS in adolescents aged
12-17 years reported a rate <10%,%" 888 seemingly lower than the rate
reported for primary school children (Table 3.1). In our study we also
demonstrated that older subjects were less likely to have HS than younger ones,
especially in girls. It may be explained by the fact that enlarged tonsils which is
a well-known risk factor for upper airway obstruction reduce in size with age.*
However the prevalence of habitual snoring in our school-aged children and
adolescents were higher than that in our preschool children (Chapter 2). It may
be attributed to the higher average BMI z-score in the older population
compared to the younger preschoolers.

Unlike preschool children, significant difference in prevalence of both HS
and occasional snoring between genders was found in children aged 8-17 years.
Male gender was also demonstrated to be a significant risk factor for HS by a
number of other research (Table 3.1). Whether hormonal factors come into play

in this phenomenon needs further investigation. Adult studies showed that

oestrogen was protective against upper airway collapse,?°® and there were
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studies conducted in men suggesting that testosterone could induce or
exacerbate OSA.*°" 28 This may explain our results as >85% of the subjects
entered pubertal stage during which the sex hormones undergo remarkable
changes. Such hormonal changes may also be the reason why we found that
boys did not follow the trend of having a lesser chance of developing HS with
increasing age. However the mechanism of gender effects on SDB in children is
still poorly defined, and future studies in this area is needed.

Higher BMI z-score was found to be a significant independent risk factor
associated with snoring, which was consistent with several previous research
studies (Table 3.1). In our study, BMI z-core decreased with increase in age (r=-
0.124, p<.001), so it might explain why there was a significant decreasing trend
with increasing age in the prevalence of HS. It is understandable because
obesity leads to restricted upper airway size primarily through overgrowth and
crowding of soft tissues and has been regarded as a well-documented risk
factor for childhood OSA.**! MRI data in adults showed that volumes of soft
tissue (tongue, lateral pharyngeal walls, parapharyngeal fat pads, total soft
tissue) increased significantly with increasing BMI.*°®! Our research group also
demonstrated that obesity correlated with enlarged adenoids and smaller
velopharyngeal isthmus in children and was an important risk factor for
obstructive SDB." Although adenotonsillectomy is still the first-line therapy for
childhood OSA, residual disease was as high as 73% in obese children.!®
Therefore weight reduction should be a necessary component in the

management of obesity-related snoring or OSA.
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Our result indicated that allergic rhinitis, food allergy, eczema as well as
paternal and maternal allergy were risk factors associated with HS and/or
occasional snoring. Atopic diseases such as allergic rhinitis, asthma and
eczema as independent risk factors for HS have been reported before (Table
3.1). Allergic rhinitis related inflammation and narrowing to the upper airways
would increase flow resistance and hence one’s liability to snore. Positive
parental allergy affects offsprings’ HS may be through familial transmission of
allergic nature*® or snoring itself, as allergy is also associated with snoring in
adults.”® Several research studies have revealed parental snoring as a
significant risk factor for their children’s HS (Table 3.1). Intranasal steroids may
ameliorate mild childhood OSA,!*® while studies on whether snoring without
apnoea could also be relieved by anti-inflammatory treatment are still lacking
and worth exploring.

In addition, we found that more than 10 cigarettes smoked daily by family
members was positively associated with HS, a finding consistent with what has
been reported previously (Table 3.1). We suggested that when a child’'s
exposure to environmental tobacco smoke (ETS) reached a certain threshold,
its adverse impact on inducing development of snoring would occur. The
mechanism whereby ETS exposure leads to snoring remains unclear. One
study conducted in adults suggested that smoking may induce oropharyngeal
narrowing and collapse through histological changes of the uvular mucosa due
to increased neurogenic inflammation.!*®Y Clinicians have always been focusing

the treatment for childhood SDB on surgery or medication. Our findings
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suggested that environmental factors such as ETS should also be paid attention
to in the management of childhood SDB. Parental smoking cessation might be
important in reducing children’s snoring problem.

Lack of objective measurements for snoring was an important draw-back
in this study. It was also a limitation shared by many other community-based
surveys. Majority of our subjects co-roomed with their parents, so reported
snoring frequency should be relatively reliable. Furthermore a recent publication
on preschool children showed a correlation between parentally reported and
objectively measured HS*® As a result of limited resources, overnight
monitoring for snoring and other sleep-related parameters was not possible for
such a large-scale population study. Another limitation was the lack of a pilot
study to calculate the sample size we needed for this population-based survey.
We assumed that the prevalence rate in secondary school adolescents was the
same as that in primary school children. While the actual rate was lower for
older subjects, thus our assumed sample size would have been adequate.

In conclusion, we found the prevalence of HS in Chinese school-aged
children and adolescents was comparable to figures reported from other
countries. Younger age, higher BMI z-score, atopy, parental allergy and passive

smoking were independent risk factors.
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CHAPTER 4

Neurocognitive Functions in School-aged Children with Primary Snoring

4.1 INTRODUCTION

Snoring is the most common symptom of pediatric sleep-disordered
breathing (SDB), which includes a spectrum of diseases with severity ranging
from primary snoring (PS) to obstructive sleep apnea (OSA).”° *Y! Snoring is an
upper airway breathing sound or noise caused by vibrations of the pharyngeal
tissues during sleep, and partial or complete occlusion of the upper airway is a
necessary requirement for occurrence of snoring. ™ It has been shown that
children with reported by their parents to have snoring were at higher risk of
having neurobehavioral problems than non-snoring subjects, including poor
academic performance,?® 283 hyperactivity,?® 3% 33 inattention,®* *¥ daytime
sleepiness,? 34 3% anxious/depressed mood,*® emotional reactivity
problems,* *® and intelligence deficits.*”! However these studies did not
perform polysomnography (PSG) to ascertain whether OSA was present.

In terms of the existing studies which involved PSG, there is increasing
evidence to suggest that children with OSA have deficits in a number of
neurocognitive domains resulting from intermittent hypoxia and sleep
fragmentation, including attention,?*® 2% intelligence,* %! executive
function,®” 195 212 238l memory and learning skills,°* 219"l and school
performance./?'t 2142181 |n contrast, studies investigating whether PS, defined

as snoring without apnoea or hypopnoea*’? is also related to neurocognitive
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problems are scarce. A few studies demonstrated that even PS might also
exhibit neurobehavioral impairments, 10 180 183. 185,186 lyo\weyer such positive
results are not consistently found in other studies.” 182

Previous studies were also limited in their study design. Majority have
recruited only hospital attendants, and often neurocognitive assessment was
not based on objective assessment tools carried out by qualified clinical
psychologist. Therefore in this study, we aimed to examine the neurocognitive
functioning in school-aged children with PS, by using a community-based
sample and a battery of objective measures of intelligence, memory, learning

and attention. We hypothesized that children with PS had poorer neurocognitive

functioning than non-snoring controls.

4.2 METHODS
4.2.1 Subjects and Study Design

Between July 2000 and December 2001, our group established a cohort of
1,057 mother-infant pairs by recruiting mothers and their off-springs from
consecutive deliveries at the Prince of Wales Hospital, Hong Kong.® we
wanted to study the prenatal exposure to methylmercury in newborn infants in
Hong Kong and its neurotoxic effects. In the original study, mothers who
delivered term babies were recruited if consent was obtained. Between June
2007 and June 2010, children in this cohort were invited to participate in a
follow-up neurocognitive function study. Parents were asked to complete two

sets of questionnaires. The child was excluded if he or she suffered from a
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condition which was associated with adverse neurodevelopmental outcome, but
known to be unrelated to Hg exposure, for example, birth asphyxia, severe
head injuries, syndromal disorders and neurodegenerative conditions
secondary to metabolic or genetic diseases. Children who had periodic limb
movements (PLMS)?*? in sleep determined by PSG were also excluded. This
study was approved by the Ethics Committee on Clinical Research of the

Chinese University of Hong Kong.

4.2.2 Questionnaires

Two self-designed parent-reported questionnaires that aimed to capture
the children’s sleep problems, parental occupation and education level and
family income were completed (Appendix 5 and Appendix 6). The question on
snoring was “Does your child snore when he/she is asleep?” and the options
given were “Yes” and “No”. The socio-economic status of parents was
assessed based on the self-coded National Statistics Socio-Economic
Classification (NS-SEC) of the Office of National Statistics of the United

Kingdom (http://www.ons.gov.uk/about-statistics/classifications/current/ns-

sec/self-coded/index.html).

4.2.3 Anthropometry Measurements
Body weight and standing height were measured with a calibrated

weighing scale and stadiometer, respectively. BMI was calculated as
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weight/height? (kg/m?) and was translated to BMI z-score according to the local

reference data.[**®

4.2.4 Neurocognitive Measurements
Children were assessed in a one-to-one interview by a qualified clinical
psychologist in a dedicated assessment room, and the following neurocognitive

measurements were carried out according to standardized protocols.

4.2.4.1. Hong Kong-Wechsler Intelligence Scale for Children

Hong Kong-Wechsler Intelligence Scale for Children (HK-WISC) contained
a panel of psychological sub-tests, not requiring reading or writing, to measure
children’s intelligence with standardized procedures and have been validated
locally for children from 5 to 15 years old.**”? HK-WISC consists of two parts:
the Verbal Scale and the Performance Scale. Scoring was done by HK-WISC
criteria.

The Verbal Scale related to children’s verbal concept formation and verbal
expression. Three sub-tests were included:
() Information — general knowledge questions would be asked to assess the
child’s understanding of factual knowledge;
(2) Similarities — the child would be asked to categorize two items/concepts to

measure the ability of abstract reasoning;
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(3) Vocabulary — the child would be required to explain the meanings of
different vocabularies in order to review their language development and word
knowledge.

The Performance Scale consisted of two subtests:

(1) Picture Arrangement — the child would be asked to sequence cartoon
pictures to form a sensible story, thus testing child’s planning ability;

(2) Block Design — the child would be asked to position blocks according to a
pattern of a displayed model so as to measure the child’s spatial analysis.

The HK-WISC Short Form was used in our study.?'® 1% The selection of
the combination of the final tetrad to make up the Short Form took into
consideration the potential of yielding most clinical information and high validity
coefficients. Two subtests were selected from each of both the Verbal and
Performance Scales. For children aged from 5 to 8, subtests Similarities,
Information, Picture Arrangement and Block Design were given. For children
aged 9 to 11, the subtests were similar to previous combination with Information
replaced by Vocabulary. Scaled scores of the sub-tests were calculated for
these two scales and a total IQ score was generated. Higher total IQ score

implied that the child had a higher general intelligence.

4.2.4.2. Hong Kong List Learning Test
The Hong Kong List Learning Test (HKLLT) is a Chinese language based
[220] It

list-learning test to assess children’s verbal memory and learning abilities.

contains a 16-word list comprising two-character that are nouns in four different
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categories. The words were spoken out by the psychologist while the children
were required to memorize and recall as many words as they could immediately.
After three of the above learning trials (trial 1-3), there were two delayed trials,
one after 10 minutes (trial 4) and then another after 20 minutes (trial 5).
Children were required to recall the words without being prompted by the
psychologist. Randomly-presented word-list (Random condition) was chosen.
Reported words not on the word list and repetition of any words in trial 3 were
regarded as intrusion error and perseveration error, respectively. The
parameter “Learning” was calculated by summing the score of trials 1 to 3. For
short and long delay recall difference, results were calculated from the
differences between trials 4 and 5 to trial 3, respectively (i.e., trial 4 or 5 — trial
3). In this test, the more words they could remember the better the performance
in verbal memory and learning. The larger the difference in the delayed recall

trials the poorer retention ability.

4.2.4.3 Test of Everyday Attention for Children (TEA-Ch)

Test of Everyday Attention for Children (TEA-Ch) is a standardized and
normed clinical battery for children for assessment across different attentional
capacities.”” The sub-tests Sky Search and Map Mission were selected to
measure selective attention. Moreover, the sub-tests Sky Search DT and Walk,
Don’t Walk were chosen to assess the capacity of sustained attention. In each
sub-test, scaled scores were calculated and higher score indicated better

performance in the corresponding attention capacity.
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Sky search is a brief, timed subtest. Children need to find as many target
items (pairs of identical spacecrafts) as possible on a sheet with very similar
distracter spacecrafts. In the second part no distracters are present. Time taken
and number of correct targets are marked and time-per-target score would be
calculated. By subtracting part 2 from part 1 the attention score free from motor
slowness could be calculated.

Map Mission is an accompaniment to the Sky Search. Children had to
search a map to find as many target symbols as they could within one minute.
The score was the number of targets correctly marked.

Sky Search DT was a combination of subtest Sky Search and another
unused subtest. Children required completing the task in a similar fashion to
Sky Search as well as keeping a count of “scoring” sounds. The score can be
generated by subtracting the score in previous Sky Search by the weighted
score in this task.

Walk, Don’t Walk requires children to move a pen on a paper path,
following different instruction sounds. Score would be given by counting the

number of correct steps.

4.2.5 Polosomnography (PSG)

All subjects with snoring who had undergone neurocognitive tests were
invited to undergo a standard overnight polysomnography (PSG) using the
Siesta ProFusion Il PSG monitor (Compumedics Telemed PTY Ltd.; Abbotsford,

Australia) in a dedicated pediatric sleep laboratory. In brief, the central and
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occipital electroencephalogram, bilateral electrooculogram, submental
electromyogram, bilateral leg electromyogram and electrocardiogram were
recorded. The positions of the subject, respiratory airflow (oro-nasal thermal
sensor and nasal air pressure transducer), work of breathing (chest and
abdominal wall motion connected to piezoelectric transducers), arterial
oxyhaemoglobin saturation with a signal averaging time of three seconds (SpO.,
by Ohmeda 3700 pulse oximeter, Boulder, CO, USA) and limb movements
were measured. All data were scored by an experienced PSG technologist.
Sleep stage, respiratory events and arousals were analyzed using standard
criteria as recommended by the American Academy of Sleep Medicine.???

Obstructive apnea hypopnea index (OAHI) was defined as the total number
of obstructive apneic and hypopneic episodes per hour of sleep. Oxygen
desaturation index (ODI) was defined as the total number of dips in arterial
oxygen saturation >3% per hour of sleep. The oxygen saturation nadir (SpO2
nadir) was also noted. Arousal index (Arl) was defined as the total number of
arousals per hour of sleep.

Subjects were classified into one of three SDB categories according to the

PSG and questionnaire results.
0 Group 1: healthy control group (with no history of snoring).
0 Group 2: PS (OAHI<1 and history of snoring).

0 Group 3: OSA group (OAHI=1).

4.2.6 Statistical Analysis
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Mean (standard deviation), median (interquartile range) and number
(percentage) are presented for parametric, non-parametric and categorical data,
respectively. Numerical and categorical variables between two independent
groups were compared using Student t tests and chi square tests, respectively.
Numerial data between three independent groups were compared using
Kruskal-Wallis tests. Mann-Whitney tests with adjusted p values (significant at
p<.016) were used for post hoc pairwise comparisons. The x° test was used to
assess the differences in proportion between three independent groups.
Multiple x? tests with adjusted p values (significant at p<.016) were used for
multiple pairwise comparisons. Multiple linear regression analysis was used to
assess the relationship between SDB category (control, PS and OSA) and
neurocognitive variables, controlling for age, gender, and socioeconomic status.
SDB category and gender were converted to dummy variables (O for controls, 1
for PS, and 2 for OSA; 0 for female, 1 for male). Residual analysis was

performed for each regression model to test the validity of model assumptions.

4.3 RESULTS

Of the 1,057 potential subjects who could be recruited, 54 children could
not be contacted because of invalid contact information and 394 declined to
take part. A total of 609 children aged 6 to 10 years were successfully recruited.
One case was subsequently excluded as he was found to have Noonan

syndrome with significant developmental delay. No significant differences were
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found in demographic characteristics between children who took part in this

study and those who did not, except for maternal age at pregnancy (Table 4.1).

Table 4.1 Comparison of characteristics between recruited (N=609) and

non-recruited subjects (N= 448)

Recruited Not recruited  p value
Gestation week (weeks) 39+1 39+1 0.429
Birth Weight (kg) 3.2+0.4 3.2+0.4 0.800
Maternal age at pregnancy 3015 28+6 <0.001
(year)
Maternal Education level 0.142
Primary school or below 7.4 7.6
F1-F3 30.9 34.4
High school 51.4 50.7
University / College 10.3 7.4
Paternal Education level 0.290
Primary school or below 9.5 6.0
F1-F3 36.7 33.3
High school 40.3 525
University / College 135 8.3

4.3.1 Comparison between Snorers and Non-snorers

The demographic characteristics and neurocognitive tests results were
compared between 204 snorers and 404 non-snorers. There were no significant
differences between the two groups in all the neurocognitive functioning
domains. We repeated the same analysis in boys and in girls separately. Boys

with snoring had significantly lower total HK-WISC score and performance sub-
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scale score than those without snoring. By contrast in girls no significant
differences in neurocognitive measures were found between snorers and non-

snorers (Table 4.2 and Table 4.3).
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Table 4.2 Comparison of demographic characteristics and neurocognitive tests

results between boys with and without snoring

Snoring Non-snoring p value
(n=126) (n=202)
Age (year) 8.1 (1.0) 8.0 (0.9) 537
BMI (kg/m?) 17.5(3.1) 16.7 (2.7) .013
BMI z-score 0.61 (0.98) 0.33(0.98) .012
Paternal education (%) .540
Primary school and below 111 8.9
F1-F3 325 39.1
High school 43.7 37.6
University/college 12.7 14.4
Maternal education (%) .834
Primary school and below 9.5 7.9
F1-F3 34.1 30.7
High school 47.6 51.5
University/college 8.7 9.9
Paternal NS-SEC class (%) .306
Class 1 25.4 22.8
Class 2 2.4 5.4
Class 3 25.4 18.3
Class 4 20.6 28.7
Class 5 23.8 21.8
Unemployed 2.4 3.0
Maternal NS-SEC class (%) .925
Class 1 19.0 16.3
Class 2 14.3 13.9
Class 3 3.2 3.0
Class 4 1.6 35
Class 5 15.1 14.9
Unemployed 46.8 48.5
Monthly family income (HK$) (%) .195
<10,000 151 22.4
10,000-40,000 73.8 64.7
>40,000 111 12.9
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(Continued) Comparison of demographic characteristics and neurocognitive

tests results between boys with and without snoring

Snoring Non-snoring p value
(n=126) (n=202)
HK-WISC
Verbal scale score 111.8 (15.5) 116.0 (14.1) .061
Performance scale score 108.9 (14.9) 114.0 (13.5) .017
Total score 113.0 (12.2) 116.8 (12.2) .007
HKLLT
Learning 20.14 (6.09) 20.28 (6.05) 840
Trial 3 intrusion errors 0.61 (0.88) 0.57 (0.81) .660
Trial 3 perseveration errors 0.73 (0.99) 0.59 (0.83) .180
Short delay recall difference -1.67 (2.16) -1.32 (2.10) 144
Long delay recall difference -1.73 (2.30) -1.25 (2.19) .060
TEA-Ch
Sky search attention 10.38 (2.84) 10.20 (2.54) .548
Sky search DT 8.43 (4.08) 8.64 (4.17) 650
Map mission 9.35 (2.87) 9.88 (2.95) 110
Walk, don’t walk 9.78 (4.41) 9.88 (4.25) 825

BMI, body mass index; NS-SEC, National Statistics Socio-Economic Classification; HK-WISC,
Hong Kong-Wechsler Intelligence Scale for Children; HKLLT, Hong Kong List Learning Test;

TEA-Ch, Test of Everyday Attention for Children.
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Table 4.3 Comparison of demographic characteristics and neurocognitive tests

results between girls with and without snoring

Snoring Non-snoring p value
(n=78) (n=202)
Age (year) 7.7 (0.9) 8.1(0.9) <.001
BMI (kg/m?) 16.7 (2.4) 16.1 (2.5) .072
BMI z-score 0.63 (0.92) 0.26 (1.03) .005
Paternal education (%) .150
Primary school and below 5.1 10.9
F1-F3 41.0 35.3
High school 35.9 42.8
University/college 17.9 10.9
Maternal education (%) .158
Primary school and below 2.6 7.4
F1-F3 35.9 27.2
High school 47.4 55.4
University/college 14.1 9.9
Paternal NS-SEC class (%) 132
Class 1 33.3 19.8
Class 2 5.1 4.5
Class 3 20.5 20.8
Class 4 23.1 23.3
Class 5 16.7 27.7
Unemployed 1.3 4.0
Maternal NS-SEC class (%) .349
Class 1 23.1 15.8
Class 2 154 16.8
Class 3 2.6 6.4
Class 4 2.6 1.0
Class 5 9.0 14.4
Unemployed 47.4 45.5
Monthly family income (HK$) (%) 726
<10,000 141 12.9
10,000-40,000 73.1 77.2
>40,000 12.8 9.9
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(Continued) Comparison of demographic characteristics and neurocognitive

tests results between girls with and without snoring

Snoring Non-snoring p value
(n=78) (n=202)
HK-WISC
Verbal scale score 117.6 (12.7) 114.5 (14.2) .185
Performance scale score 112.5(10.9) 110.8 (12.8) 405
Total score 115.2 (11.5) 113.3 (12.5) 232
HKLLT
Learning 20.88 (6.68) 21.15 (6.01) 745
Trial 3 intrusion errors 0.54 (0.98) 0.50 (0.84) 742
Trial 3 perseveration errors 0.76 (1.18) 0.61 (0.97) 301
Short delay recall difference -0.79 (2.19) -1.21 (2.24) .165
Long delay recall difference -0.90 (2.24) -1.12 (2.36) 467
TEA-Ch
Sky search attention 9.82 (2.63) 9.47 (2.76) .329
Sky search DT 8.38 (3.60) 7.56 (3.60) .086
Map mission 9.67 (2.78) 9.50 (2.68) .644
Walk, don’t walk 9.38 (4.91) 9.87 (4.08) 409

BMI, body mass index; NS-SEC, National Statistics Socio-Economic Classification; HK-WISC,
Hong Kong-Wechsler Intelligence Scale for Children; HKLLT, Hong Kong List Learning Test;

TEA-Ch, Test of Everyday Attention for Children.

83



4.3.2 Characteristics between non-snoring controls, PS and OSA groups
Among the 204 children with snoring, 121 cases refused to undergo sleep
study, 34 cases lost contact, 3 cases had received an upper airway surgery,
and one case was suspected to have autism. Therefore only 45 children
underwent PSG in our study finally, of whom 27 were given a diagnosis of PS
and 18 OSA. No one had PLMS. There were no significant differences in
demographic and neurocognitive characteristics between the 45 participants
and the 159 non-participants, except that the participants gained lower Sky
search DT scores than the non-participants (Table 4.4). The comparisons of
demographic and neurocognitive tests results are shown in Table 4.5. Children
with OSA gained significantly lower scores in the Sky Search Attention test of
TEA-Ch than non-snoring controls or children with PS. Nevertheless no
significant worse performance in all the neurocognitive functioning tests was

found in children with PS compared to non-snoring children.
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Table 4.4 Characteristics of children with snoring who did and did not

participate in the sleep study

Participants Non-snoring p value
(n=45) (n=159)

Age (year) 7.9 (1.1) 8.0 (0.9) .528
Male gender (%) 51.1 64.8 .096
BMI z-score 0.58 (1.06) 0.63 (0.93) 729
Paternal NS-SEC class (%) 770
Class 1 311 27.7
Class 2 4.4 3.1
Class 3 22.2 23.9
Class 4 20.0 22.0
Class 5 17.8 22.0
Unemployed 4.4 1.3
Maternal NS-SEC class (%) .639
Class 1 20.0 20.8
Class 2 17.8 13.8
Class 3 4.4 25
Class 4 4.4 1.3
Class 5 8.9 13.8
Unemployed 44.4 47.8
HK-WISC
Verbal scale score 115.1 (14.5) 112.2 (14.7) .356
Performance scale score 110.8 (13.9) 109.5 (11.6) .644
Total score 112.8 (12.6) 114.2 (11.7) 491
HKLLT
Learning 19.4 (6.6) 20.7 (6.2) .218
Trial 3 intrusion errors 0.7 (1.0) 0.6 (0.9) .382
Trial 3 perseveration errors 0.6 (1.0) 0.8 (1.2) 317
Short delay recall difference -1.5(2.4) -1.3(2.2) .659
Long delay recall difference -1.5(2.3) -1.4 (2.3) .857
TEA-Ch
Sky search attention 9.6 (2.8) 10.3(2.8) .136
Sky search DT 6.8 (3.9) 8.9 (3.8) .002
Map mission 9.3 (3.0) 9.5(2.8) .586
Walk, don’t walk 10.2 (4.5) 10.0 (4.6) 811
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Table 4.5 Comparisons between non-snoring controls, PS and OSA groups

Non-snoring PS OSA p
controls (N=27) (N=18) value
(N=404)

Age (year) 8.3 (7.4-8.8) 7.9(7.1-8.9) 8.1 (6.6-8.9) 403

Male gender (%) 50.0 48.1 55.6 .879

BMI (kg/m?) 15.8 15.9 16.9 .255
(14.6-17.5) (15.1-17.4) (14.6-20.4)

BMI z-score 0.26 0.49 1.02 .186
(-0.38-0.97) (-0.16-1.08) (-0.36-1.64)

Paternal education .361

Primary school and below 9.9 0 5.6

F1-F3 37.2 33.3 38.9

High school 40.2 40.7 44 .4

University/college 12.7 25.9 1.1

Maternal education .158

Primary school and below 7.7 3.7 5.6

F1-F3 29.0 222 55.6

High school 53.5 55.6 27.8

University/college 9.9 18.5 11.1

Paternal NS-SEC class .847

Class 1 213 29.6 33.3

Class 2 5.0 3.7 5.6

Class 3 19.6 22.2 22.2

Class 4 26.0 22.2 16.7

Class 5 24.8 14.8 22.2

Unemployed 3.5 7.4 0

Maternal NS-SEC class .807

Class 1 16.1 18.5 22.2

Class 2 15.3 22.2 11.1

Class 3 47 3.7 5.6

Class 4 2.2 7.4 0

Class 5 14.6 7.4 1.1

Unemployed 47.0 40.7 50.0
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(Continued) Comparisons between non-snoring controls, PS and OSA groups

Non-snoring PS OSA p
controls (N=27) (N=18) value
(N=404)
HK-WISC
Verbal scale score 116 (104-126) 108 (97-120) 121 (105-126) 213
Performance scale score 112 (103-122) 112 (104-120) 105 (93-113) .081
Total score 116 (107-124) 111 (102-121) 113 (101-121) 495
HKLLT
Learning 21 (16-25) 22 (16-26) 17 (14-25) .390
Trial 3 intrusion errors 0 (0-1) 0 (0-1) 0 (0-1) .661
Trial 3 perseveration errors 0 (0-1) 0 (0-1) 0 (0-1) .790
Short delay recall difference -1 (-3-0) -2 (-4-0) -1 (-2-0.5) 419
Long delay recall difference -1 (-3-8) -2 (-3-0) -1.5 (-2-0) 377
TEA-Ch
Sky search attention ° 10 (8-12) 10 (8-13) 8 (6-10) .012
Sky search DT 8 (6-11) 8 (3-10) 7.5 (4-9) .203
Map mission 9 (8-12) 9(7-12) 9 (7-10) 476
Walk, don’t walk 9 (6-12) 9 (6-12) 10 (7-16) 475

4 p<.016 controls vs PS;
® p<.016 controls vs OSA;
® p<.016 PS vs OSA

Multiple regression model showed that only TEA-Ch Sky Search DT score
was negatively associated with SDB category (non-snoring control, PS and
OSA) (B=-0.899, standard error=0.411, p value=.029), adjusted for age, gender

and parental socio-economic status.

4.4 DISCUSSIONS

The current study failed to find significant differences in neurocognitive
functioning between snoring and non-snoring children aged 6-9 years old
recruited from the community. However in boys with snoring lower intelligence
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scores compared to non-snorers was documented. By contrast girls with
snoring had comparable neurocognitive performance as those without. Children
with OSA had significant deficits in attention than controls and/or PS subjects.
However neurocognitive function was not significantly impaired in primary
snorers. There was a worsening trend in only one parameter measuring
sustained attention with SDB severity increasing from control, PS, to OSA,
independent of age, gender and parental socioeconomic status.

In contrary to our findings showing that snoring children did not have
worse neurocognitive performance than non-snoring children, a few previous
studies provided positive results in school-aged children. Several domains of
neuropsychological function were reduced in the snoring group, including
intelligence,B" 135 22 gttention,®* 37 135 22l memory, 135 223 hyperactive
behaviour,? 3234 and academic performance.?® 3% 3! The discrepancy may be
attributed to the following reasons. We only classified snoring frequency into
two categories, i.e. “yes” or “no”, which is less accurate and the actual
difference beween snoring and non-snoring is probably not very distinct for a
community-based sample. By contrast, majority of the published studies
analysed characteristics of habitual snorers as snored frequently or often, and
recruited subjects from clinics so that their symptoms may be relatively more
severe.

Interestingly boys were found to have reduced intelligence scores if he
snored. It has been demonstrated that male gender is a significant risk factor for

OSA in school-aged children.® Adult studies showed that oestrogen was
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protective against upper airway collapse.?*® It is possible that our cohort of

boys who snored were trending towards OSA, thus reduced intelligence scores
compared to their female counterparts. Anyhow the average 1Q scores in the
snoring boys were still within the normal range and the difference was moderate,
leaving the clinical significance of this difference in doubt.

PS was not shown to be associated with significant neurocognitive
dysfunction in our study, which may be explained by its lack of intermittent
hypoxia as seen in OSA. However a few research groups found that in school-
aged children all severities of SDB even as mild as PS are at risk of developing
impairment in neurobehavior (Table 4.6). This inconsistency may be attributed
to reasons as follows. First, only a small number of snorers underwent PSG,
and eventually we only had 27 PS cases. Thus there is inadequate statistical
power to detect any subtle differences between groups. Second, we did not
perform PSG in the non-snoring control group because of the restricted
resources. Some of the parents did not share bedrooms with their children, we
possibly misclassified some PS or OSA children as controls, causing the
insignificant differences found between SDB and controls. Third, we utilized
objective measurements to assess intellectual ability, attention, learning and
memory, while it seemed to be more likely to detect significant neurocognitive
deficits in children with SDB if using parent reported questionnaires.®” 182 186l |¢
have been suggested that parents of children with less severe SDB who

referred for a sleep clinic might have more psychological distress than parents
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of children who presented with more severe SDB, which caused parents to
describe their children’s behaviours in a more negative way.!*8! 182

Although the neurocognitive function of children was not significantly
affected by the presence of PS in our study, SDB was shown to have a dose-
effect relationship with sustained attention. According to our subsequent
chapter discussing about the natural history of PS, if a primary snorer remained
obese/overweight, he/she would run higher risk of developing OSA with time.
Thus preventing PS from worsening to OSA would also play an important role in

preservation of normal neurocognitive function, and this obviously can only be

clarified by longitudinal studies.
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Table 4.6 Comparison to other studies conducted in school-aged children

moderate to
severe OSA; 35

controls

controls from

community

First Author Nation Subjects Recruitment Measures Results

Li HK 27 PS; 18 OSA; From HK-WISC; HKLLT; TEA- | Children with OSA performed worse in some
404 controls community Ch; Boston Naming Test; | aspects of intelligence and attention tests. No

Grooved Pegboard Test | significant deficits in PS children were found.
O'Brien™ USA 87 PS; 31 Schools Conners’ Parent Rating | PS children performed worse on attention,
controls Scale; CBCL; DAS; social problems, anxious/depressive
NEPSY symptoms, cognitive abilities, certain language
and visuospatial functions than the control
subjects.

Miano!™ Italy 13 PS; 31 OSA; | PS/OSAfrom | ADHD Rating Scale; The 1Q estimates of PS and OSA were lower
60 normal hospital; WISC-III and the ADHD rating scale scores higher than
controls controls from those of controls.

schools

Bourke!™” Australia | 59 PS; 24 mild PS/OSAfrom | BRIEF; CBCL; WASI; PS and OSA children had lower general

OSA; 19 hospital; WRAT-3; RCFT; COWAT | intellectual ability and higher

rates of impairment in executive and academic

functioning.
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(Continued) Comparison to other studies conducted in school-aged children

First Author Nation Subjects Recruitment Measures Results
Hamasaki Brasil 37 PS; 24 OSA; From hospital | RAVLT; WISC-IlI PS and OSA children showed worse
Uema!'®®! 20 controls performance on learning and memory.
Beebe®"! USA 17 PS; 9 mild PS and OSA | WISC-II; Impairments was found on measures of
OSA; 6 moderate | from hospital; | Stroop Test; GDS; behaviour regulation and some aspects of
to severe OSA; controls from NEPSY; WCST,; BASC; attention and executive functioning in PS and
17 controls community BRIEF OSA subjects.
Brockmann™ | Germany | 69 PS, 23 From Hyperactivity—inattention | Children with PS had more
UARS/OSA; 410 | community score in a self-designed | Hyperactive and inattentive behaviour, as well
controls questionnaire; Academic | as poor school performance.
performance report
Biggs'™4 Australia | 55 PS; 22 mild From hospital | BRIEF; CogHealth Results of the BRIEF revealed working
OSA; 16 memory deficits at all severities of SDB

moderate to
severe OSA; 34

controls

compared to controls. Results of CogHealth
revealed no difference between SDB groups

and controls.

HK-WISC, Hong Kong-Wechsler Intelligence Scale for Children; HKLLT, Hong Kong List Learning Test; TEA-Ch, Test of Everyday Attention for
Children; CBCL, Child Behavior Checklist; DAS, Differential Ability Scales; NEPSY, Developmental Neuropsychological Assessment; ADHD,
Attention-deficit hyperactivity disorder; WISC, Wechsler Intelligence Scale for Children; BRIEF, Behavior Rating Inventory of Executive Function;
WASI, Wechsler Abbreviated Scale of Intelligence; WRAT-3, Wide Range Achievement Test-3; RCFT, Rey Complex Figure Test; COWAT,
Controlled Oral Word Association Test; RAVLT, Rey Auditory Verbal Learning Test; WISC-III - Wechsler intelligence scale for children; WRAML,
Wide Range Assessment of Memory and Learning; GDS, Gordon Diagnostic System;WCST, Wisconsin Card Sorting Test; BASC, Behavioral

Assessment Scale for Children.
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In summary, adverse effects of snoring on neurocognitive functions could
be demonstrated in boys only. Worsening sustained attention was found to
associate with increasing severity of SDB. Well-designed prospective studies

will be needed to examine the neurobehavioral consequences of PS in children.
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CHAPTER 5

Sleep Architecture in School-aged Children with Primary Snoring

5.1 INTRODUCTION

Sleep architecture represents the cyclical pattern of sleep as it shifts
between the different sleep stages, including non-rapid eye movement (NREM)
and rapid eye movement (REM) sleep. Early in the night, one transitions from
lighter sleep stages (stage 1) to deeper, slow-wave sleep (SWS), with REM
sleep appearing during the latter part of the night.??? Sleep architecture allows
us to produce a picture of what an overnight sleep looks like, taking into
account various depths of sleep as well as arousals to wakefulness. In
paediatric population, it has been demonstrated that sleep efficiency,
percentage of SWS and REM sleep decreases and percentage of lighter stage
2 sleep increases with age as well as Tanner stage.[?>+2%!

Sleep-disordered breathing (SDB) consists of a spectrum of diseases with
severity ranging from primary snoring (PS) to obstructive sleep apnoea
(0SA).% %Y OSA in school-aged children is associated with both neurocognitive
dysfunction and behavioural problems.!?** 22”1 Apart from intermittent hypoxia,
sleep fragmentation may account for the neurocognitive impairment
demonstrated. Disturbance of normal sleep architecture is one form of sleep
fragmentation. Unlike adults, overall sleep architecture is presumed preserved

in children with OSA.[172 228234 Lo\wever, more recent scientific research has

provided contradicting evidence. Children with OSA were more likely to have
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disturbed sleep architecture compared to children with PS or normal controls,
including decreased percentage of SWSH 235 236 gnd REM sleep!?02%! a5
well as increased percentage of stage 1/N1 sleep!'®* 235237239 gnd REM
latency.*® 2% Furthermore these changes were reversible following treatment
fOI’ OSA.[lll' 240, 241]

PS defined as snoring in the absence of apnoea or hypopnoea during
sleep is positioned at the milder end of the SDB spectrum, and several studies
demonstrated that even PS might also exhibit neurobehavioral impairments as
well as cardiovascular morbidities, while the mechanism is unclear.[%: 174 175. 180
183, 185. 1861 5noring is an upper airway breathing sound or noise resulted from
partial or complete occlusion of the upper airway.¥ Little attention has been
given on whether it will disturb normal sleep architecture. Majority of the few
published studies have failed to reveal any significant differences in sleep
architecture between primary snorers and normal controls.[®” 184 1852311 \igng
et al found that primary snorers had a higher percentage of N1?*! and Yang et
al demonstrated increased sleep latency in subjects with PS %9, However
these studies had small sample size and consisted of hospital-based subjects.

In this study, we aimed to investigate the sleep architecture of school-aged
children with PS recruited randomly from the community. We hypothesized that

the percentage of certain sleep stage and/or wakefulness after sleep onset in

primary snorers would be different from that in non-snoring healthy controls.

5.2 METHODS
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5.2.1 Subjects

Subjects aged between 6 and 13 years were recruited from 13 randomly
selected schools.® In brief, parents were asked to complete a validated OSA
screening questionnaire!®*? (Appendix 7) that stratified children into high or low
risk for OSA. All high risk and a randomly selected sample from the low risk
group were invited to undergo overnight polysomnography (PSG) and clinical
examination. Children were excluded if they had an intercurrent iliness within 4
weeks of PSG, suffered from cardiac, renal or neuromuscular diseases, or if
they had chromosomal abnormalities or had previously undergone upper airway
surgery. Written informed consent and assent were obtained from the parents
and subjects respectively. Approval by the ethics committee of the Chinese

University of Hong Kong was obtained.

5.2.2 Polysomnography (PSG)

All recruited children underwent standard overnight PSG at a dedicated
sleep laboratory with CNS 1000P polygraph (CNS Inc, Chanhassen, Minnesota,
USA). In brief, the central and occipital electroencephalogram, bilateral
electrooculogram, submental electromyogram, bilateral leg electromyogram and
electrocardiogram were recorded. The positions of the subject, respiratory
airflow (oro-nasal thermal sensor and nasal cannula connected to air pressure
transducer), respiratory effortswork of breathing (chest and abdominal wall
motion connected to piezoelectric transducers), arterial oxyhaemoglobin

saturation with a signal averaging time of three seconds (Sp0O2, by Ohmeda
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3700 pulse oximeter, Boulder, CO, USA) were measured. All data were scored
by experienced PSG technologists. Sleep architecture was scored in 30s
epochs according to the criteria outlined by Rechtschaffen and Kales.?*®! The
following parameters of sleep architecture were measured: total sleep time
(TST), defined as time from sleep onset to the end of the final sleep minus
wakefulness after sleep onset; sleep latency, defined as the time occurred from
lights out to the first epoch of any sleep; the percentage of sleep period time in
each sleep stage out of TST (Stage 1, 2, SWS = Stage 3 + Stage 4, and REM
sleep); wakefulness after sleep onset (WASO), defined as the time spent awake
during sleep period time (time from sleep onset to the end of final sleep).
Obstructive apnoea hypopnoea index (OAHI) was defined as the total
number of obstructive apneic and hypopneic episodes per hour of sleep.
Oxygen desaturation index (ODI) was defined as the total number of dips in
arterial oxygen saturation >3% per hour of sleep. The oxygen saturation nadir
(SpO2 nadir) was also noted. Arousal index (Arl) was defined as the total
number of arousals per hour of sleep.
Subjects were classified into four groups according to the PSG and
guestionnaire results.
® Group 1: healthy control group (OAHI<1 and history of snoring<3 nights per
week).
® Group 2: PS (OAHI<1 and history of snoring=3 nights per week).
® Group 3: mild OSA group (OAHI 1-5).

® Group 4: moderate-to-severe OSA (OAHI=5).
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5.2.3 Anthropometry Assessment

The weight, height and Tanner stage of all subjects were assessed on the
day of PSG. Body mass index (BMI) was calculated as weight/height? (kg/m?).
Weight, height and BMI were converted to z-scores appropriate for age and
gender, according to local reference.**® Pubertal stage was evaluated using a
self-assessment questionnaire to categorize Tanner stages.”? Prepubertal
was defined as Tanner stage 1, and pubertal defined as Tanner stage 2 or

greater.

5.2.4 Statistical Analysis

All statistical analyses were performed using SPSS 16.0 (SPSS Inc.,
Chicago, lllinois), and a p value <0.05 was considered statistically significant.
The subjects were divided into four groups (healthy controls, PS, mild OSA and
moderate-to-severe OSA) for comparison. The mean (SD), median
(interquatrtile range [IQR]), and percentage were presented for parametric,
nonparametric, and categorical data, respectively. Parametric with equal
variances data were compared using one-way analysis of variance (ANOVA)
and the Bonferroini’s method was used for post hoc pairwise comparisons
(p<0.05 statistically significant). Nonparametric and parametric without equal
variances data were compared using the Kruskal-Wallis test and Mann-Whitney

tests with adjusted p values (significant at p<.0083) were used for pairwise
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comparisons. The chi square test was used to assess the differences in
proportion between the four groups.

Multiple linear regression analysis was used to assess the relationship
between SDB category (control, PS, mild OSA and moderate-to-severe OSA)
and sleep architecture outcomes, controlling for age, gender, BMI z-score and
puberty status. SDB category, gender and puberty status were converted to
dummy variables (0 for controls, 1 for PS, 2 for mild OSA and 3 for moderate-
to-severe OSA; O for female, 1 for male; O for prepubertal, 1 for pubertal).
Residual analysis was performed for each regression model to test the validity
of model assumptions.

Analysis of covariance (ANCOVA) models were used to further examine
differences in sleep architecture variables among control, PS and OSA groups,
after controlling for age, gender and BMI z-score, in prepubertal and pubertal
children separately. Nonparametric variables were normalized via logarithmic

transformation.

5.3 RESULTS
5.3.1 Comparison between controls, PS, mild OSA and moderate-to-severe
OSA groups

A total of 619 children underwent overnight PSG (mean age 10.0+1.8
years; 396 (64.0%) boys; 524 (84.7%) prepubertal). The demographic and
polysomnographic characteristics of the subjects with different SDB severities

are compared in Table 5.1. The proportion of boys and BMI z-score increased
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across the 4 groups. As expected, significant differences in OAHI, SpO, nadir,
ODI and Arl were found across groups except between controls and subjects
with PS. In terms of sleep architecture parameters, mild and moderate-to-
severe OSA group had significantly higher percentage of stage 1 sleep
compared to controls and PS group. However there were no significant

differences in measures of sleep architecture between PS and control group.
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Table 5.1 Demographic and polysomnographic data between SDB categories

Controls PS Mild OSA Moderate-to- p value
(N=248) (N=104) (N=200) severe OSA
(N=67)

Age (year) ° 10.0 (1.8) 9.5 (1.8) 10.2 (1.8) 9.8 (1.7) .005
Male gender (%) be 54 .4 64.4 71.0 77.6 <.001
BM| > 17.5 (3.1) 18.0 (3.3) 19.0 (3.9) 19.7 (3.6) <.001*
BMI z-score *° 0.29 (1.11) 0.59 (0.90) 0.68 (1.08) 0.99 (1.01) <.001
Puberty (%) 17.7 9.6 17.5 9.0 .088
OAHI (/hr) >%%e! 0.12 (0-0.49) 0.16 (0-0.48) 1.3 (1.2-2.8) 8.2 (6.5-11.6) <.001*
SpO; nadir (%) >**' 93 (92-94) 93 (92-95) 92 (90-93) 90 (88-92) <.001*
ODI (/hr) >o¢e! 0.12 (0-0.37) 0.22 (0-0.46) 0.53 (0.23-1.05) 3.04 (1.21-5.51) <.001*
Arl (/hr) o9t 5.8 (4.4-7.5) 5.9 (4.4-8.0) 7.0 (5.4-8.4) 10.5 (8.2-14.9) <.001*
TST (min) 470 (66) 474 (56) 467 (62) 465 (66) 741
Sleep latency (min) 17.5 (10.5-29.5) 18.3 (10-27.5) 15.5 (9-33.4) 12.5 (6-27.5) 271*
Stage 1 (%TST) »*%° 6.0 (4.4-7.8) 6.0 (4.5-8.1) 7.5 (5.4-9.6) 8.4 (5.6-12.5) <.001*
Stage 2 (%TST) 48.5 (5.8) 48.7 (5.6) 48.4 (5.2) 47.0 (5.9) 205
SWS (%TST) 24.2 (6.3) 24.0 (5.5) 22.9 (5.6) 23.1 (4.9) 108
REM sleep (%TST) 21.0 (4.5) 20.9 (3.7) 20.8 (4.3) 20.2 (4.9) 579
WASO (%SPT) 8.9 (5.1-13.5) 8.7 (6.3-12.0) 9.0 (5.6-14.8) 9.6 (6.2-13.3) 451*
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Mean (SD), median (IQR) and percentage (%) are presented for parametric, non-parametric and categorical data, respectively.

PS: primary snoring; OSA: obstructive sleep apnoea; BMI: body mass index; OAHI: obstructive apnoea hypopnoea index; SpO, nadir: oxygen
saturation nadir; ODI: oxygen desaturation index; Arl: arousal index; TST: total sleep time; REM: rapid eye movement; SWS: slow wave sleep;
WASO: wakefulness after sleep onset; SPT: sleep period time

* Kruskal-Wallis test was used.

% significant difference between controls and PS

significant difference between controls and mild OSA

significant difference between controls and moderate-to-severe OSA

significant difference between PS and mild OSA

significant difference between PS and moderate-to-severe OSA

significant difference between mild OSA and moderate-to-severe OSA

- o Q O o
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In all of the measures of sleep architecture, after controlling for age,
gender, BMI z-score and puberty status, stage 1 sleep (%TST) had significantly
positive association while SWS (%TST) had significantly negative association
with SDB categories ranging from normal control, PS, mild to moderate-to-
severe OSA,. As expected, age and puberty status exerted an effect on sleep

architecture (Table 5.2).

Table 5.2 Multiple regression model for the association between sleep
architecture and SDB category (controls, PS, mild OSA and moderate-to-

severe OSA) adjusted for age, gender, BMI z-score and puberty (N=619)

Outcome Predictor variable B Standard error  p value

variable

Stage 1 %TST SDB category 0.91 0.13 <.001
Age 0.39 0.09 <.001
BMI z-score 0.33 0.13 .012

SWS %TST SDB category -0.62 0.22 .004
Age -0.81 0.15 <.001
Puberty -1.79 0.74 .016

5.3.2 Sleep architecture in prepubertal and pubertal subjects

We further divided the whole cohort into prepubertal and pubertal subjects
and compared the sleep architecture measures between controls, PS and OSA
groups respectively, after adjusting for age, gender and BMI z-score. The
sample size was as follows: 204 controls, 94 PS and 226 OSA in prepubertal

children; 43 controls, 11 PS and 41 OSA in pubertal children.
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We found that in prepubertal subgroup, stage 1 sleep (%TST) and SWS (%TST)
were significantly different between healthy normal controls, children with PS
and OSA. And in pubertal subgroup, stage 1 sleep (%TST) and In WASO
(%SPT) were significantly different between SDB severity categories.
Nevertheless in prepubertal children, the significantly higher percentage of

stage 1 sleep and lower percentage of SWS were only present between OSA
and non-OSA group (control or PS). The differences between controls and PS
did not reach statistical significance. However in pubertal children, significantly
increased stage 1 sleep (%TST) and In WASO (%SPT) existed not only

between OSA and non-OSA group but also between PS and control group

(Figure 5.1A-D).
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Figure 5.1A Mean with 95% CI (confidence interval) of stage 1 sleep in

prepubertal subjects adjusted for age, gender and BMI z-score
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Figure 5.1B Mean with 95% CI (confidence interval) of SWS in prepubertal

subjects adjusted for age, gender and BMI z-score
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Figure 5.1C Mean with 95% CI (confidence interval) of stage 1 sleep in

pubertal subjects adjusted for age, gender and BMI z-score
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5.4 DISCUSSIONS

In this large community-based study, no significant disruption of sleep
architecture in children aged 6-13 years with primary snoring was found when
compared to nonsnoring healthy children. After controlling for age, gender, BMI
z-score and puberty status, increased percentage of stage 1 sleep and
decreased percentage of SWS were independently associated with SDB
severity from normal control, PS, mild to moderate-to-severe OSA. In
prepubertal children, there were no significant differences in adjusted sleep
architecture between PS and normal subjects. However in pubertal children,
adjusted percentage of stage 1 sleep and WASO were both significantly
elevated in primary snorers compared to non-snoring children.

In general, our findings were consistent with published literature comparing
PS with non-snoring healthy controls (Table 5.3), i.e. sleep architecture was not
impaired in school-aged children with PS until the condition progressed to the
development of OSA, especially in prepubertal children. Based on research
studies investigating the effects of OSA on sleep architecture in children, it was
proposed that arousals secondary to intermittent apnoea and/or hypopnoea
during sleep led to sleep fragmentation.*** 25238 gleep architecture is
therefore conserved in subjects with PS which does not cause much arousals in
the absence of apnoeas or hypopnoeas.

The severity of SDB (controls, PS, mild OSA and moderate-to-severe OSA)

was demonstrated to have a dose-response relationship with stage 1 sleep
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(%TST) and SWS (%TST). Similar results were also found by other research
groups.[97' 184, 239, 244]

The findings of our study suggested that in pubertal teenagers, PS, even
without apparent apnoeas or hypopnoeas, had significantly impaired sleep
architecture including increased percentage of stage 1 sleep and WASO.
Studies examining whether pubertal adolescents were more prone to have
disruption of sleep architecture than prepubertal children were lacking. It is
known that adults have more arousals or wakefulness than children,?**!
suggesting that the threshold of arousals triggered by hypoxia or hypercapnia
might decrease with age. We also found that WASO (%SPT) was significantly
higher in pubertal adolescents compared to prepubertal children (11.2 (6.6-16.7)
vs. 8.6 (5.4-12.9), p=.002). It remains unclear whether hormone changes
occurring in puberty might have an impact on arousal or awakening during
sleep. Small sample size of pubertal subjects in our study could have led to
selection bias, thus future studies exploring the effect of puberty on sleep
architecture in SDB are still needed.

Stage 1 is light sleep which occurs most often in the transition from
wakefulness to the other sleep stages or following body movements during
sleep. If movement arousals occur, stage 2 or stage REM is very likely to
change to stage 1 according to R&K scoring rules.**® Therefore the elevation of
stage 1 was possibly due to cortical or movement arousals and awakenings
secondary to intermittent complete or partial hypoxia during sleep. Evidence

showed that higher percentage of Stage 1 sleep adversely impacted learning
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and memory in children.™® Increased WASO represents reduced sleep
efficiency. A study conducted in healthy adults by our research group showed
that lower sleep efficiency was correlated with higher 24-h urinary
catecholamines suggesting increased sympathetic activity, which plays a critical
role in the pathogenesis mediating cardiovascular complications.®*®! SWS
facilitated the assimilation of new knowledge!®" and higher percentages of
SWS were associated with better neurocognitive functioning.®” Thus the
significantly increased percentage of stage N1 and WASO as well as the trend
in reduction in percentage of SWS found in this study may explain some of the
neurocognitive deficits and cardiovascular morbidities seen in children with PS.

One limitation of this study is that subtle EEG changes might not have
been detected with our conventional monitoring, more sophisticated techniques
such as spectral analysis of EEG frequency,?®® cyclic alternating pattern (CAP)
of NREMP*! or REM density®*® are needed.

In conclusion, PS did not exert significant adverse influences on normal
sleep architecture in prepubertal school-aged children. Nevertheless pubertal
adolescents with PS had higher stage 1 sleep and WASO than non-snoring

healthy controls.
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Table 5.3 Comparison of our findings and previous studies on sleep

architecture of PS in children

Author Nation Age Sample Sample Scoring | Difference in sleep
size of size of rule architecture
primary | normal between PS and
snorers | controls controls

Bourke et | Australia | 7-12 yr | 59 35 R&K*! | Not significant

a|[184]

Beebe et | US 6-12yr | 17 17 R&K Not significant

a|[97]

Khadra us 7-13yr | 32 14 R&K Not significant

et al®*"

Miano et | Italy 8.6+1.9 | 13 60 AASMP?? | Not significant

all8s! yr

Yang et Australia 7-12yr | 50 30 R&K PS had longer sleep

al® latency

Miano et | Italy 6.2+3.2 | 26 10 R&K R&K: Not

al*® yr AASM significant;

AASM: PS had
higher N1%
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CHAPTER 6
Association between Habitual Snoring and Ambulatory Blood Pressure in

Children

6.1 INTRODUCTION

Snoring is the most important symptom of paediatric sleep-disordered
breathing (SDB). SDB includes a spectrum of diseases, from primary snoring
(PS) to obstructive sleep apnoea (OSA) positioned at its mild and severe end
respectively.l®% %!

OSA is characterized by recurrent hypoxia and repetitive arousals resulting
from intermittent airway occlusion. Both events are proposed to mediate
sympathetic activation that may overspill into daytime leading to
hypertension.?*® 2% Marcus et al was the first to report that children with OSA
had significantly higher diastolic blood pressure (BP) than children with PS.1?>
Bixler et al demonstrated that nighttime on-the-spot systolic BP was significantly
elevated in OSA children compared to normal controls and was positively
correlated with apnoea hypopnea index (AHI).?°? Similarly Enright et al and
Kohyama J et al both found a positive association between OSA severity and
systolic as well as diastolic BP.° 3% Two intervention studies showed that the
reduction or increase in daytime casual BP after adenotonsillectomy occurred in
parallel with the resolution or recurrence of OSA disease.**” 2>3 Later on Amin

et al utilized 24-hour ambulatory BP (ABP) monitoring and revealed that

children with OSA had significantly greater BP variability during wakefulness
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and sleep and a smaller nocturnal dipping of mean BP than children with PS.2#®!
Subsequently Amin et al and Leung et al both found significant increases in
wake and sleep BP levels in those whose AHI >5/hr." 1 Our research group
carried out a study involving a large community-based sample and found that
children with either mild or moderate-to-severe OSA had significantly higher BP
than normal healthy children during both sleep and wakefulness. Multiple linear
regression revealed a significant association between oxygen desaturation
index (ODI) and AHI with daytime and nocturnal BP, respectively, independent
of obesity.l**?! Ng et al demonstrated that significant decrease in overall 24h
DBP load was achieved after AT in children who were cured of OSA.!%4

On the other hand, dysregulation of BP has also been increasingly noted
in children with PS which is defined as snoring without apnoea, frequent
arousals or gas exchange abnormalities.!*”® Kwok et al found that children with
PS had increased casual daytime diastolic BP and reduced arterial
distensibility.>"® Our research group further demonstrated that nighttime
diastolic BP was elevated in normal weight children with PS compared to
healthy controls.'”! A recent study using continuous BP recordings made by
finger photoplethysmography reported that PS group had higher waketime
systolic and diastolic BP than controls.?>

Therefore the whole SDB continuum with severity ranging from PS to OSA
can exert adverse effects on BP regulation. Since snoring is the most common

symptom of SDB and habitual snoring is one of the criteria in defining PS and

OSA,» %% \we hypothesized that the presence of habitual snoring on its own
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would be an independent risk factor for BP dysregulation. One previous study
has failed to demonstrate significant difference in BP between habitual snorers
and non-habitual snorers, however only daytime casual BP was measured in
the study.”*”Hence we aimed to re-examine the association between habitual

snoring and BP assessed by 24h ABP in children recruited from the community.

6.2 METHODS
6.2.1 Subjects and Study Design

This study was carried out concurrently with a community-based study
aiming to develop 24-hour ambulatory BP reference values for Hong Kong
Chinese children aged 8-18 years. Healthy Chinese primary and secondary
school children who are Hong Kong permanent residents were eligible for
inclusion. Children were excluded from the study if they were reported by their
parents to have cardiovascular, renal or endocrine diseases, chromosomal
abnormalities, or if they were taking any medication that can affect BP.

A two-stage cluster sampling method was used. With the assistance of the
Education Bureau, a sampling frame of all primary and secondary schools in
Hong Kong was complied. The first stage involved selection of schools and the
second stage the students. All students who joined the study were randomly
selected by computer generated numbers. Consequently a total of 14 primary
and 18 secondary schools participated. Informed assent and consent were
obtained from the subjects and their parents respectively before ABP

monitoring. The study was approved by the Joint Clinical Research Ethics
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Committee of the Chinese University of Hong Kong and New Territories East

Cluster.

6.2.2 Questionnaire

The parents of all participants were invited to complete a self-designed
sleep symptom questionnaire (Appendix 3). Snoring frequency was assessed
by a single question, namely “How often did he/she snore during sleep?” and
was rated on a 4-point scale: O=never; 1=less than one night per month; 2=one
to two nights per week; 3=three nights or more per week. The subjects were
divided into three groups according to snoring frequency for comparisons: (1)
non-snorers, those reporting “never”; (2) occasional snorers, those reporting “<
1 night per month” or “1-2 times per week”; and (3) habitual snorer, those
reporting “= 3 nights per week”. Parents were asked whether they had history
of hypertension. We defined parental hypertension as father and/or mother with

positive history of hypertension.

6.2.3 Anthropometric Measurements

A team of three trained research staff visited each selected school on a
pre-arranged date to collect the anthropometric data. All instruments were
validated following the standard methods recommended by the manufacturers,
and the balances were zero calibrated. Standing height without shoes was
measured using a height measuring instrument (seca 217, UK) to the nearest

0.1 cm. Body weight was measured with the lightest clothing to the nearest 0.1
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kg by an electronic weighing scale (Tanita BF-522, Japan). BMI was calculated
as weight/height? (kg/m?) and was translated to BMI z-score according to local
reference data."*® Children were defined as overweight if their BMI z-score was
= 1.036, corresponding to the 85th percentile (relative to age and gender). All
participants completed a validated self-reported Pubertal Development Scale
for pubertal staging.[m] Subjects were categorized as prepubertal, defined as

Tanner stage 1, or pubertal, defined as Tanner stage 2 or greater.

6.2.4 ABP Measurements

Typically, school morning session began at about 8 AM and ended at
about 1 PM. The ABP monitoring was setup during break-time at around 10:00-
10:30 AM and removed from the students after 24 hours. ABPM readings were
obtained using the nondominant arm with TM2430 (A&D, Inc., Tokyo, Japan)
and the appropriate cuff size was determined by the mid-arm circumference
based on standard techniques.'**® This device employs the oscillometric
method to measure systolic and diastolic pressures as well as heart rate, and
has been validated for use in children.?®® The ABP monitoring readings were
obtained every 30 min during the 24-hr recording period. All subjects were
asked to maintain their usual activity but to remain still during daytime
measurements. Furthermore, subjects and parents were asked to record the
time the subjects went to bed, their wake time, as well as exercise periods and
their sleep quality in a diary. The duration of day and night periods was

established individually for each child based on their completed diary. At the
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end of the recording, the measurements were downloaded onto a laptop
computer for analysis. The first reading at the beginning of sleep was not
included in the analysis for improving the accuracy of true sleep time. Only ABP
profiles with at least 40 recordings, including at least 8 readings during sleep,
was accepted. Recordings were automatically rejected if systolic blood pressure
(SBP) is >220 or <60mmHg or if diastolic blood pressure (DBP) >120 or
<35mmHg or if heart rate (HR) >180 or <40 beats/min. 2°®!

All mean BP variables were converted into BP z-scores using the “LMS”
reference values (relative to gender and height) using our own data in this study.
In brief, we had derived height and gender specific estimates of the distribution
median (M), coefficient of variation (S) and degree of skewness (L), which were
estimated by a maximum likelihood of curve fithess technique.?®® These
estimated parameters were used to transform the skewed data to normality,
giving a more accurate ABP z-score. Hypertension were defined as mean BP
values > 95th percentiles of our own ABP data. Nocturnal dipping of systolic
and diastolic BP were derived by calculating the difference between mean wake
time and mean sleep time BP and expressed as a percentage of mean wake
time BP. Subjects with nocturnal BP dipping less than 10% were defined as

non-dippers./?

6.2.5 Statistical Analysis
Data were presented as mean (standard deviation) and number

(percentage) for continuous and categorical data, respectively. The trends of

116



characteristics across snoring frequency groups were analysed using Analysis
of variance (ANOVA) tests for continuous variables and linear-by-linear
association x tests for categorical variables, respectively. Multiple linear and
logistic regression analyses was subsequently performed to further confirm the
association between presence of habitual snoring and continuous and
categorical ABP measures respectively, after controlling for age, gender and
BMI z-score. All statistical analyses were performed using SPSS 16.0 for
Windows (SPSS Inc., Chicago, lllinois), and a p value <0.05 was considered

statistically significant.

6.3 RESULTS

A total of 1,447 subjects were included in this study. The demographic
characteristics and ABP measures across the non-snorers, occasional snorers
and habitual snorers are shown in Table 1 and Table 2, respectively. The
proportion of boys and parental history of hypertension, BMI z-score, wake time
SBP, wake time SBP z-score and sleep time SBP z-score increased and age
decreased across the three groups.

However after adjustment for age, gender, BMI z-score and parental
hypertension, the presence of habitual snoring was not associated with any
ABP values and nocturnal BP dipping. Neither could it predict the presence of

hypertension during wakefulness or sleep and BP non-dipper.
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Similar statistical analysis was repeated for normal weight and overweight

subjects respectively. There were no significant independent associations

between presence of habitual snoring and ABP variables, either.

Table 6.1 Demographic characteristics of different snoring frequency

groups
Non-snorers Occasional Habitual snorers  p value for
(n=837) snorers (n=131) trend
(n=479)
Age (year) 13.2(2.8) 12.5(2.8) 12.4 (2.7) <.001
Male gender (n(%)) 365 (43.6) 260 (54.3) 86 (65.6) <.001
Weight (kg) 455 (12.9) 44.9 (15.1) 50.2 (17.5) .033
Height (cm) 153.5 (13.6) 150.7 (14.1) 152.3 (13.4) .011
Waist circumference 65.5 (33.4) 65.1 (12.1) 69.9 (12.4) 235
(cm)
BMI (kg/m?) 19.0 (3.3) 19.2 (4.0) 21.1 (4.8) <.001
BMI z-score 0.20 (1.00) 0.37 (1.04) 0.82 (1.12) <.001
Puberty (%) 733 (87.6) 408 (85.2) 115 (87.8) 539
Parental hypertension 107 (12.8) 80 (16.7) 28 (21.4) .004

(n(%))
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Table 6.2 ABP values of different snoring frequency groups

Non-snorers Occasional Habitual snorers  p value
(n=837) snorers (n=131) for trend
(n=479)
During wakefulness
SBP (mmHg) 120.1 (10.1) 121.3 (9.8) 122.9 (9.8) .001
SBP z-score -0.04 (1.02) 0.06 (1.03) 0.12 (0.97) .036
DBP (mmHg) 73.0 (7.0) 72.8 (6.7) 73.5(7.2) .746
DBP z-score 0.00 (1.02) -0.02 (1.00) 0.05 (1.10) .844
SHT (n(%)) 45 (5.4) 36 (7.5) 9 (6.9) .190
DHT (n(%)) 53 (6.3) 25 (5.2) 7 (5.3) 441
During sleep
SBP (mmHg) 101.2 (8.2) 101.7 (8.4) 102.0 (8.9) 193
SBP z-score -0.08 (1.01) 0.07 (1.02) 0.05 (1.00) .015
DBP (mmHg) 57.1 (5.6) 56.8 (5.8) 57.1 (5.8) .560
DBP z-score 0.01 (1.01) 0.00 (1.05) 0.02 (1.05) .996
SHT (n(%)) 31(3.7) 22 (4.6) 6 (4.6) 443
DHT (n(%)) 48 (5.7) 36 (7.5) 5(3.8) .944
Nocturnal dipping
SBP dipping (%) 19.3 (11.8) 19.8 (11.2) 21.2 (11.4) .093
DBP dipping (%) 21.2(9.4) 21.5(8.7) 21.9(9.3) .382
SBP non-dipper 198 (23.7) 101 (21.1) 22 (16.8) .062
(n(%))
DBP non-dipper 99 (11.8) 46 (9.6) 15 (11.5) 449

(n(%))

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; SHT,
systolic hypertension; DHT, diastolic hypertension.
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6.4 DISCUSSIONS

In the present study, we reported the absence of independent correlation
between ABP measurements and habitual snoring in a community-based
sample of children. After adjustment for age, gender, BMI z-score and parental
hypertension, the presence of habitual snoring could not predict dysregulation
of ABP values.

Children with habitual snoring could usually be classified as one of two
entities across the SDB spectrum, namely either PS or OSA, according to their
overnight sleep study result. OSA is present if one’s obstructive apnoea
hypopnoea index (OAHI) exceeds 1/hr, which is currently the most commonly
used diagnostic criteria although unstandardized.!*4% 173 174251, 255,262 £
habitual snorers who were diagnosed as PS, only three studies conducted in
the paediatric population reported its correlation with elevated BP. Kwok et al
demonstrated that children with PS had increased daytime systemic BP and
reduced arterial distensibility which may jeopardize long-term cardiovascular
health, regardless of BMI." This study, however, utilized on-the-spot BP
measurement which could not reflect the whole picture of BP fluctuation and
increased the possibility of random effects. Our research group investigated 24-
h ABP in normal weight children with PS recruited from the community.
Nevertheless only nighttime DBP was significantly higher in children with PS
compared with non-snoring controls after adjusting for age, sex, and BMI, with a
mean difference of only 3.2 mmHg.*"> A more recent study recorded BP

continuously overnight using finger photoplethysmography and revealed that

120



BP during awake before sleep onset and during overnight sleep was elevated
by around 10 mmHg in the PS group compared with the control group.!?®
Photoplethysmographic approach for continuous estimation of BP maybe a
more sensitive way to pick up subtle BP differences.!***!

As far as BP in OSA is concerned, OSA children have been demonstrated
to have higher BP value than normal controls or PS subjects, but this is not the
case across the OSA severity spectrum. A number of studies verified that BP
levels had a positive correlation with AHI or respiratory disturbance index
(RDI).[149: 150.152. 252 Bther studies however, only found significantly increased
BP in moderate or severe OSA cases.[!" 1%0. 1511

Overall, there is insufficient data exploring BP abnormalities in PS subjects
and cohort or intervention studies which can show causal relationships are
lacking. Considering the weak or modest effect size of presence of PS on BP
generated from existing cross-sectional studies, therefore the adverse impact of
PS on BP is still inconclusive at present. Moreover even if an individual had
OSA, he/she might not have evident elevated BP if the disease was mild.
Therefore it is possible that simple snoring on its own does not lead to BP
dysfunction.

Our finding is similar to another study showing that habitual snorers did not
have higher morning systolic or diastolic BP than non-habitual snorers in a
community sample of children.?®"! The authors attributed this negative finding to

not performing PSG. Many of the habitual snorers were likely to only have

primary snoring, or some habitual snorers with SDB might have been
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misclassified as non-snorers, which would have attenuated possible BP
differences between the two study groups. Therefore PSG will still be necessary
to identify genuine cases with OSA (especially moderate-to-severe cases) who
are at higher risk for developing hypertension. Additionally, primary snoring
possibly can be further divided into various severities, using advanced
technologies such as EEG spectral analysis, peripheral arterial tonometry and
pulse transit time which may help to identify subtle abnormalities in respiratory
parameters and/or arousals.?®* 2% Therefore lumping all habitual snorers under
one umbrella term may not be correct. Nevertheless this assumption requires
corresponding studies to verify it in the future.

One limitation of this study was that snoring was not quantified by
objective assessment tool which is a limitation shared with other community-
based survey studies. Snoring group allocation was based on information
provided by the parent-complete questionnaire alone. Parents might
underestimate the frequency of snoring of their children if they did not sleep in
the same bedroom. Such misclassification might have attenuated possible BP
differences between the study groups. However as a result of restricted
resources, applying overnight monitor to record snoring was less practical for a
large population survey.

In conclusion, ABP was not significantly different between children with
and without habitual snoring, after controlling for age, gender and BMI z-score.
Screening of habitual snoring purely by questionnaire was unable to predict

children at risk of having ABP abnormalities.
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CHAPTER 7

Endothelial Function in Children with Primary Snoring

7.1 INTRODUCTION

Childhood obstructive sleep apnoea (OSA) has been found to associate
with cardiovascular abnormalities in children,®® including left and right
ventricular hypertrophy and dysfunction,**>*%¢! elevation of blood pressure
(BP),!151 152251252 gitered BP rhythm,!**® and impairment of autonomic cardiac
modulation.?®62%8 | contrast to OSA, primary snoring (PS) which is defined as
snoring without apnoea, frequent arousals or gas exchange abnormalities™’® is
positioned at the milder end of the sleep disordered breathing (SDB) severity
continuum,*”” and treatment is usually not prescribed.*’® However recent
evidence suggest that childhood PS is also related to cardiovascular
consequences and should not be considered as completely benign.™"® Kwok et
al found that children with PS had increased casual daytime BP and reduced
arterial distensibility."®! Our research group further demonstrated that nighttime
BP was elevated in normal weight children with PS.1*™!

Endothelial dysfunction is an early indicator of cardiovascular
morbidities.'?*® 2! Functional and structural disruption of the endothelium could
be induced by intermittent hypoxia in the presence of OSA.[?"* 272
Ultrasonographic assessment of endothelial-dependent flow mediated
vasodilation (FMD) of the brachial artery is the gold standard in assessing

endothelial function. It is safe and well-tolerated in both adults and children.?”®
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2" Indeed, abnormal FMD has been reported in adults with OSA and
improvement documented after treatment with continuous positive airway
pressure (CPAP).2">2"1 Only a paucity of studies have explored whether OSA
adversely impacts endothelial function in children. Gozal et al first reported that
postocclusive hyperemia was blunted in children with OSA, and such altered
endothelial function was reversible after adenotonsillectomy.?’® A few studies
further confirmed that there was a dose-dependent increase in time to peak
regional blood-flow response post-occlusion release (Tmax) with increasing
severity of OSA,?"*#2 and several circulating inflammatory microparticles
levels were associated with the changes in endothelial function.?’8: 27 2811

On the other hand, we are aware of only one study that investigated
endothelial function in children with PS. Children aged 6-18 years with PS were
found to have reduced FMD compared to non-snoring controls, independent of
obesity.*’¥ Whether a dose-dependent relationship exists between FMD
abnormality across the SDB severity spectrum is unknown.

We therefore carried out this study to examine this important yet poorly
defined issue of endothelial function in children with SDB. To remove the effect
of obesity which is a well-known risk factor for cardiovascular diseases, we
recruited only non-obese subjects. We hypothesized that the severity of SDB
ranging from non-snoring controls, PS, to OSA would have a dose-effect

relationship with increasing endothelial dysfunction.

7.2 METHODS
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7.2.1 Subjects and Study Design

Chinese children with habitual snoring (snoring frequency=3 nights/week)
aged 6-18 years who attended our paediatric chest and sleep disorder clinic
were consecutively recruited for this study. Non-snoring controls (never snoring
or snoring frequency<1 nights/month) were recruited from siblings of patients
attending our clinic or participants of our growth survey. Written informed
consent and assent were obtained from parents and subjects respectively. The
exclusion criteria included obesity (see definition in the section of
anthropometry assessment), previous treatment for OSA, presence of structural
heart disease, medical history of hypertension, dyslipidemia, diabetes mellitus,
genetic syndrome, congenital or acquired neuromuscular disease, premature
birth, intrauterine growth retardation, active smoking and acute illness within 4
weeks of recruitment. The study was approved by the Clinical Research Ethics
Committee of the Chinese University of Hong Kong.

All participants underwent nocturnal polysomnography (PSG) and

endothelial function evaluation on the same day.

7.2.2 Anthropometry Assessment

Their weight and standing height were measured with a calibrated
weighing scale and stadiometer, respectively. Body mass index (BMI) was
calculated as weight/ height? (kg/m?). BMI were converted to z-scores
appropriate for age and gender, according to local reference.** Obese children

were defined as a BMI z-score >1.645, corresponding to the 95™ percentile.
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7.2.3 Polysomnography (PSG)

All recruited children underwent a standard overnight PSG at a dedicated
sleep laboratory with CNS 1000P polygraph (CNS Inc, Chanhassen, Minnesota,
USA). In brief, the central and occipital electroencephalogram (EEG), bilateral
electrooculogram, submental electromyogram, bilateral leg electromyogram and
electrocardiogram were recorded. The positions of the subject, respiratory
airflow (oro-nasal thermal sensor and nasal cannula connected to air pressure
transducer), respiratory effortswork of breathing (chest and abdominal wall
motion connected to piezoelectric transducers), arterial oxyhaemoglobin
saturation with a signal averaging time of three seconds (Sp0O2, by Ohmeda
3700 pulse oximeter, Boulder, CO, USA) were measured. All data were scored
by experienced PSG technologists according to the American Academy of
Sleep Medicine (AASM) 2007 pediatric polysomnography scoring criteria.??%

Obstructive apnea hypopnea index (OAHI) was defined as the total
number of obstructive apneic and hypopneic episodes per hour of sleep.
Oxygen desaturation index (ODI) was defined as the total number of dips in
arterial oxygen saturation >3% per hour of sleep. Arousal index (Arl) was
defined as the total number of arousals per hour of sleep. The oxygen
saturation nadir (SpO, nadir) was also noted.

Subjects were classified into three SDB severity groups for comparisons:

® Group 1: OSA group ( habitual snoring and OAHI=1).

® Group 2: PS group ( habitual snoring and OAHI<1).
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® Group 3: control group ( non-snoring and OAHI<1).

7.2.4 Endothelial Function

The assessment was carried out in a quiet, temperature-controlled room.
All subjects abstained from food, including caffeine for at least 6 hours before
the study. The diameter of the brachial artery was measured on B-mode
ultrasound images (i) at rest, (ii) in response to reactive hyperemia, which was
induced by inflation of a BP cuff placed around the lower-arm to a pressure of
220 mmHg for 4-5 min, followed by rapid deflation, and (iii) after sublingual
nitroglycerin (400 micrograms spray), using a linear array transducer (L10-5
median frequency, 7.5 MHz) and Advanced Technology Laboratories 3000
ultrasound system. To minimize variability, all measurements were taken at end
diastole identified by the R wave on ECG, and the average of three
measurements along the vessel was taken. The full procedure was described in
details previously.”*® All ultrasonographic scans were performed by the same
investigator who was blinded to the identity and clinical characteristics of the
subjects. The accuracy, reproducibility, and low interobserver error for this
measurement have been demonstrated previously,'?*¥ which we have also
achieved in our previous experiments (a mean relative difference of 3% in FMD
over time).[?84

FMD and nitroglycerin-induced endothelium-independent vasodilation
(NMD) were defined as the percentage increase in vessel diameter after the

corresponding stimulation, with reference to baseline. Hyperemia was
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calculated as the percentage increase in blood flow after cuff deflation

compared with baseline.

7.2.5 Statistical Analysis

Mean (standard deviation), median (interquartile range) and number
(percentage) are presented for parametric, non-parametric and categorical data,
respectively. Comparisons between controls, PS group and OSA group were
made by one-way analysis of variance (ANOVA), Kruskal-Wallis test and x test
for parametric, non-parametric and categorical data, respectively. Bonferroini
tests, Mann-Whitney tests and multiple X tests with adjusted p values
(significant at p<.016) were used for corresponding post hoc pairwise
comparisons. Multiple linear regression analyses were used to assess the main
correlates of FMD after adjustment for possible confounding factors. All the
statistical analyses were performed with SPSS 16.0 for Windows (SPSS Inc.,

Chicago, lllinois), and a p value <0.05 was considered statistically significant.

7.3 RESULTS

A total of 243 non-obese children and adolescents participated in this
study (mean age 10.5+2.8 years; 150 (61.7%) boys; mean BMI z-score
0.32+0.88). FMD and NMD measurements were successfully conducted in all
subjects without causing any adverse events. The group comparisons are

shown in Table 7.1. Subjects with OSA and PS were younger than controls and
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the proportions of boys increased across the SDB severity groups. OSA cases
had significantly higher BMI z-score than controls. As was expected, significant
higher OAHI, ODI and Arl as well as lower SpO, nadir were only found in OSA
group rather than PS group compared to controls. There was no significant
difference demonstrated in the resting brachial artery diameter between the
three groups. PS cases had significantly lower FMD and hyperemia than

controls.
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Table 7.1 Comparisons between SDB severity groups in non-obese

subjects
Controls (n=59) PS OSA p value
(n=64) (n=120)
Age (y)*° 1.4 10.4 9.5 <.001
(10.1-13.1) (8.3-12.7) (7.8-11.1)
Male gender (%)° 458 56.2 725 <.001
BMI z-score” 0.22 0.41 0.58 .036
(-0.32-0.74) (-0.26-0.88) (-0.13-1.11)
OAHI (/h)>° 0.20 0.34 5.32 <.001
(0-0.50) (0.10-0.64) (2.58-14.46)
SpO, nadir (%)"° 95 (93-96) 95 (94-96) 91 (86-93) <.001
ODI (/h)>° 0 (0-0.3) 0.1 (0-0.5) 0.5 (0.3-1.6) <.001
Arl>® 9.7 9.9 17.0 <.001
(7.2-13.2) (7.8-14.6) (11.6-24.2)
Dga (Mm) 2.5(0.4) 2.5(0.4) 2.5(0.3) 932
FMD (%)* 8.4 (1.0) 7.9 (1.3) 8.1 (1.1) 034
NMD (%) 22.9 (2.3) 22.1(2.0) 21.9 (2.4) 818
Hyperemia (%) 597 (160) 515 (126) 533 (145) .005

BMI=body mass index; OAHI=obstructive apnea hypopnea index; Arl=arousal index;
Dga = baseline brachial artery diameter; FMD = flow-mediated vasodilation; NMD =

nitroglycerin-mediated vasodilation.

& significant difference between controls and PS

bsignificant difference between controls and OSA

¢ significant difference between PS and OSA

Multivariate linear regression analyses showed that after adjusting for age,

gender, BMI z-score, resting brachial artery diameter and hyperemia, FMD

remained significantly lower in the PS group than controls (p=0.019), while no

significant difference in FMD was found between PS group and OSA group

(p=0.632) (Table 7.2).
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Table 7.2 Multiple linear regression analysis for flow-mediated

vasodilation (FMD) as the dependent variable

B Standard error p value
PS vs controls -0.521 0.220 .019
Age -0.012 0.059 .834
Gender -0.045 0.245 .855
BMI z-score 0.125 0.128 .330
Vessel diameter -0.630 0.472 .184
Hyperemia 1.21x10™ 0.001 872
OSAvs PS 0.090 0.182 .623
Age 0.080 0.049 .105
Gender 0.147 0.195 453
BMI z-score 0.201 0.105 .058
Vessel diameter -1.323 0.411 .002
Hyperemia 0.002 0.001 .012

7.4 DISCUSSIONS

In this study, endothelial function was investigated across the SDB
spectrum, i.e. from PS to OSA in non-obese children and adolescents. We
found that subjects with PS had reduced FMD compared to hon-snoring
controls after controlling for possible confounding factors, while there was no
significant difference in FMD between PS and subjects with OSA.

Increasing number of studies has been published on endothelial function in
SDB over the past ten years, whereas almost all of the existing literature
focused on patients with OSA. In adults, accumulating evidence indicated that
FMD was negatively correlated with OSA severity and could be reversed by

CPAP treatment.?’>?""] |n children, very limited data could be found on
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investigating OSA-related endothelial dysfunction (Table 7.3). OSA children
showed blunted reperfusion kinetics after release of occlusion compared to
non-snoring controls.?"® 280282 There seemed to be an upward trend in Tmax
with increase in OSA severity, although statistical significance was not
reached./?’® 281282 |f only OSA cases and non-snoring controls were analysed
in this study, we similarly found that In OAHI (3=-0.123, standard error=0.047,
p=.009) and In ODI (B=-0.381, standard error=0.165, p=.023) were associated
with FMD. A small intervention study suggested that such endothelial
dysfunction was reversible after adenotonsillectomy in OSA cases, especially
those who without family history of cardiovascular diseases.?’® Furthermore
levels of certain inflammatory biomarkers related to cardiovascular morbidities
within the microvasculature such as myeloid-related protein 8/14,27% 282
platelet-derived microparticles®®" and soluble CD40 ligand®® were shown to
be correlated with endothelial function.

In contrast, only our research group reported PS, the mild end of SDB
severity continuum, was also associated with reduced FMD compared to non-
snoring controls, independent of age, gender, BMI z-score, resting brachial
artery diameter and hyperemia in both normal weight and overweight
children.*" This current study focused on non-obese children and included
subjects with OSA as well. Similarly, such endothelial dysfunction associated
with PS was verified again. Surprisingly FMD did not exhibit a linear dose-effect
relationship across SDB severity spectrum, i.e. FMD in OSA group was not

significantly different from that in PS group.
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Table 7.3 Published studies on endothelial function in children with SDB

controls; 4-12

years

Authors Subjects Results
Kim J et al®®"" | 14 moderate | Peak hyperemic response time in
to severe moderate to severe OSA group
OSA, 65 mild | (44.9£22.3s) and mild OSA group
OSA and 56 (37.7+£18.8s) were longer than that in
non-snoring controls (36.8+21.1s), but did not reach

statistical significance.

Kim J et al*®%

34 moderate
to severe
OSA, 106 mild
OSAand 115
non-snoring

controls; 5-10

Peak hyperemic response time in
moderate to severe OSA group
(41.94£24 4s) and mild OSA group
(36.6+£19.6s) were longer than that in
controls (36.8+£21.1s), but did not reach

statistical significance.

controls; 4-12

years

years
Bhattacharjee | 54 OSA and In non-obese children, Tmax in controls,
R et all*™ 54 non- mild OSA group and moderate to severe
snoring OSA group increased from 24.5+1.3s,

34.8+3.7s to 43.8+14.2s. In obese children,
Tmax in controls, mild OSA group and
moderate to severe OSA group increased
from 40.6+2.9s, 47.1+4.5s to 60.115.6s.
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(Continued) Published studies on endothelial function in children with

SDB

Authors Subjects Results

Dubern B et 51 children Glyceryl trinitrate-mediated dilation

alf*® with severe (GTNMD) and incremental elastic modulus

obesity (Einc) were significantly correlated with

desaturation index (DI) (beta=0.4 and
beta=0.27, respectively).

Kheirandish- 80 OSA and OSA group had significantly longer time to

Gozal et al?®%

20 non-snoring
controls; 4-12

years

peak flow (Tmax) than controls (42.91£9.7s
vs 30.1+4.7s). However Tmax was not
correlated with apnoea hypopnea index
(AHI).

Gozal D et 26 non-obese | Time required to resume baseline regional
al?™® prepubertal blood flow before cuff occlusion was
OSA children | significantly slower in OSA group
and 8 matched | compared to controls (113+£11.4s vs
controls; 6-11 | 69.1+9.76s). Such altered endothelial
years function was reversible 4 to 6 months after
adenotonsillectomy, particularly if a family
history of cardiovascular disease was not
present.
Li et all"™ 73 primary Normal weight (7.9+1.3 vs 8.5+0.9) and

snorers and
128 non-
habitual
snoring
controls; 6-18

years

overweight subjects (7.4+1.4 vs 8.1£1.1)
with PS had significantly reduced flow-

mediated vasodilation (FMD) than controls.
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The mechanisms of endothelial function in OSA have been reviewed
before. Repetitive episodes of hypoxia/reoxygenation associated with transient
cessation of breathing during sleep in OSA resemble ischemia/reperfusion
injury and may be the main culprit underlying endothelial dysfunction in OSA.
Additional factors such as repetitive arousals resulting in sleep fragmentation
contribute to impairment of endothelial function.?”* 2”2 However it is unknown
why endothelial dysfunction would also be present in children with PS. From our
data, children with PS had comparable ODI, SpO, nadir and Arl with non-
snoring children. A possible mechanism may involve the direct effect of snoring
itself. A recent animal study showed that carotid arteries subjected to 6 hours of
continuous peri-carotid tissue vibration displayed endothelial dysfunction. A
reduction in tissue cyclic guanosine monophosphate (cGMP) acetylcholine (Ach)
was found in vibrated carotid arteries. ACh induces vasorelaxation via activation
of endothelial nitric oxide synthase (eNOS) which in turn generates nitric oxide
resulting in vasorelaxation.?” Whether such mechanisms are also applicable to
systemic endothelial dysfunction needs to be further studied. Another possible
mechanism is that there were subtle differences between the two groups that
could not be detected using the conventional PSG protocol. Hence advanced
technologies which may be more sensitive to detect hypoxia and arousal such
as EEG spectral analysis, peripheral arterial tonometry and pulse transit time!?%*
265 are needed.

On the other hand, the reason why endothelial function between primary

snorers and OSA children was similar is hard to explain, since the latter had
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more significant hypoxia and arousals than the former. However these two
groups both had habitual snoring and we assume that snoring may play a more
important role in leading to endothelial dysfunction than hypoxia or sleep
fragmentation does, via the possible mechanisms discussed above. This finding
suggests that primary snorers probably run similar risk of developing endothelial
dysfunction as OSA cases do. Future studies are in need to verify our
hypothesis. Another explanation is that we might have misclassified some
upper airway resistance syndrome (UARS) cases as PS, as we did not use
oesophageal pressure monitoring in our routine monitoring. However a nasal
pressure sensor was utilized as a widely accepted alternative method.???
Although we did not exclusively calculate RERA events, the overall arousal
index was not significantly different between our PS and normal control subjects.
Childhood OSA is associated with a number of cardiovascular
complications including both remodeling and dysfunction,™*?*® blood pressure
elevation, > 152251, 252 anq jmpairment of autonomic cardiac modulation.26-268!
In recent years, accumulating evidence suggests that childhood PS is also
associated with similar morbidities."® ™ Studies in adult population showed
that impaired FMD was associated with a higher rate of future adverse
cardiovascular events.?™ Although longitudinal studies investigating the clinical
significance of impaired FMD in children and adolescents are insufficient,
existing evidence showed that reduced brachial FMD is present in children with
cardiovascular risk factors including obesity?®® and dyslipidemia.l**® Although

ABP was not demonstrated to be affected in children with snoring in our cross-
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sectional study (Chapter 6), it is reasonable to extrapolate that cardiovascular
health in children with PS will be affected if impaired FMD is not reversed in the
long run. Therefore PS even in non-obese children should not be considered a
completely benign entity.

There were certain limitations to our study. First, our control group was
recruited from clinics which may involve selection bias. While the inclusion
criteria of controls were relatively stringent, i.e. never snored or only snored less
than once per month as well as OAHI<1 confirmed by PSG, which should be
able to identify genuine healthy individuals. Second, only a single night PSG
was performed and that might misdiagnose some OSA cases as having PS.
Our previous study however, demonstrated that single night PSG in children
was able to correctly identify 85% of OSA cases, and those missed cases had
only borderline OSA.**?I Third, snoring relied on parental report rather than
objective assessment. Parents might underestimate the frequency of snoring of
their children if they did not sleep in the same bedroom. As a result, some
children could have been mislabeled as controls. However, this would have
caused under rather than overestimation of the effect of PS on endothelial
function.

In conclusion, FMD was lower in PS compared to non-snoring controls and
remained similar when SDB severity increasing to OSA in non-obese children
and adolescents. Thereby PS can not be regarded as completely benign as it

may be linked with long-term cardiovascular morbidities.
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CHAPTER 8
Natural History of Primary Snoring in School-aged Children: A 4-Year

Follow-up Study

8.1 INTRODUCTION

Snoring is a common symptom of paediatric sleep-disordered breathing
(SDB), and the reported prevalence of habitual snoring ranges from 4.0% to
34.5%.[26:38.46.851 g pB includes a spectrum of diseases with severity ranging
from primary snoring (PS), upper airway resistance syndrome (UARS) to
obstructive sleep apnoea (OSA).°* °! |n contrast to OSA, PS which is defined
as snoring without apnoea, frequent arousals or gas exchange abnormalities™"!
has been positioned at the milder end of the SDB severity continuum, *’" and
treatment is usually not prescribed."®

Nevertheless, whether deferment of treatment for PS is safe has aroused
more research recently. Kwok et al found that children with PS had increased
casual daytime blood pressure and reduced arterial distensibility.*"®! Our
research group demonstrated that nighttime blood pressure was also elevated
and endothelial function was impaired in children with PS.[*"* 1751 A more recent
study found that PS was a risk factor for hyperactive and inattentive behavior
and poor school performance in children.*®! Accumulating evidence suggests
PS may be associated with a variety of clinical sequelae, and therefore it should

no longer be considered as completely benign.*"!
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Another important issue that relates to whether PS if left untreated
progresses to OSA, persists or resolves over time is still poorly defined. To our
knowledge, only three research studies that examined the natural history of PS
in children have been published. The three studies repeated polysomnography
(PSG) in cohorts of 20, 9 and 31 children with PS over a 2-year, 3-year and 6-
month period respectively. All three studies concluded that PS in children
generally did not evolve to OSA over time.["® 1871881 These studies, however,
had small sample size and consisted of hospital-based subjects.

In this study, we aimed to determine (1) the natural history of PS in school-
aged children recruited from the community over a 4-year period and (2) clinical

symptoms and risk factors predictive of PS progression to OSA.

8.2 METHODS
8.2.1 Subjects

This was a prospective study of a cohort established between 2003 and
2005 for a childhood OSA epidemiologic study.® Children aged 6-13 years
from 13 primary schools were randomly recruited. A total of 619 subjects
underwent PSG, and 161 were defined as PS (see later discussion in the
section of ‘Polysomnography’ for definition). For this follow-up study, as a result
of limited resources, only the first 99 consecutive subjects with PS were invited
to undergo repeat assessment. Subjects were excluded from the study if they
had cardiovascular, renal or neuromuscular diseases, chromosomal

abnormalities, acute illness within two weeks of PSG, or if they had undergone
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upper airway surgery or started on continuous positive airway pressure
treatment during the follow-up period. Written informed consent and assent
were obtained from the parents and subjects respectively. The study was
approved by the Clinical Research Ethics Committee of the Chinese University

of Hong Kong (CRE_2007.363).

8.2.2 Sleep symptom questionnaire

A validated sleep symptom questionnaire® (Appendix 7) was completed
by parents of recruited subjects at baseline and follow-up, and the following
information was extracted: (1) snoring frequency and other sleep-related
symptoms rated on a 6-point scale: O=never; 1=less than one night per month;
2=0ne to two nights per month; 3=one to two nights per week; 4=three nights or
more per week; 5=unclear. Snoring and other OSA-related symptoms were
defined as present if their frequency scored 2-4. (2) Clinical features: history of
allergic rhinitis and asthma. (3) Socioeconomic and environmental factors. We

defined ‘persistent’ as having positive history at both time-points.

8.2.3 Anthropometry assessment

The weight, height and Tanner stage of all subjects were assessed on the
day of PSG. Body mass index (BMI) was calculated as weight/height?® (kg/m?).
Weight, height and BMI were converted to z-scores appropriate for age and
gender,according to local reference.**3! Overweight and obese children were

defined as a BMI z-score = 1.036 and 1.645, corresponding to the 85th and
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95th percentile, respectively. We defined ‘persistent overweight/obesity’ as
being overweight or obese at both baseline and follow-up. Pubertal stage was
evaluated using a self-assessment questionnaire to categorize Tanner
stages.®"! Prepubertal was defined as Tanner stage 1, and pubertal defined as

Tanner stage 2 or greater.

8.2.4 Tonsil and adenoid size assessment

The examination was carried out in the morning after overnight PSG by an
otorhinolaryngologist. The size of tonsils and adenoids were evaluated by a
4mm rigid rhinoscope (Storz endoscopy, Tuttingen, Germany) and a flexible
laryngoscope (P4, Olympus) respectively. The size of tonsils and adenoids was
reported as a percentage of the oropharyngeal and nasopharyngeal airway
respectively. A large tonsil or adenoid was defined as the soft tissue occupying
=50% of the corresponding airway. Tonsils and adenoids were further classified

as ‘persistently large’ if they were large at both time-points.

8.2.5 Polysomnography (PSG)

All recruited children underwent initial and follow-up standard overnight
PSG at a dedicated sleep laboratory with CNS 1000P polygraph (CNS Inc,
Chanhassen, Minnesota, USA). In brief, the central and occipital
electroencephalogram, bilateral electrooculogram, submental electromyogram,
bilateral leg electromyogram and electrocardiogram were recorded. The

positions of the subject, respiratory airflow (oro-nasal thermal sensor and nasal
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cannula connected to air pressure transducer), respiratory effortswork of
breathing (chest and abdominal wall motion connected to piezoelectric
transducer), arterial oxyhaemoglobin saturation with a signal averaging time of
three seconds (SpO2, by Ohmeda 3700 pulse oximeter, Boulder, CO, USA)
were measured. All data were scored by experienced PSG technologists. At
baseline standard criteria described in our previous publication was used for
scoring.***! While at follow-up, the new AASM 2007 paediatric
polysomnography scoring criteria was used.?”? Therefore all the baseline data
of PS subjects who participated in our follow-up study was rescored using
AASM criteria. Those who were not classified as PS by the new criteria were
excluded.

Obstructive apnoea hypopnea index (OAHI) was defined as the total
number of obstructive apneic and hypopneic episodes per hour of sleep.
Oxygen desaturation index (ODI) was defined as the total number of dips in
arterial oxygen saturation >3% per hour of sleep. The oxygen saturation nadir
(SpO2 nadir) was also noted. Arousal index (Arl) was defined as the total
number of arousals per hour of sleep.

Children who snored were diagnosed to have PS if their OAHI<1 and SpO;
nadir=90%. At follow-up, children were diagnosed to have OSA if their OAHI=1.
Normal subjects were defined as non-snorers with OAHI<1 and SpO,

nadir=90%.

8.2.6 Statistical Analysis
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Student t tests, Mann-Whitney U tests and chi square tests were used to
detect difference between subjects who participated in this study and those who
did not for parametric, non-parametric and categorical data respectively. Paired
t tests, Wilcoxon signed rank tests and McNemar tests were used to examine
intra-group differences between baseline and follow-up for parametric, non-
parametric and categorical data respectively. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), positive likelihood ratio
and negative likelihood ratio together with their 95%CI of OSA-related
symptoms were calculated using an online software

http://vassarstats.net/clinl.html. Binary logistic regression analyses were

performed to investigate factors associated with progression of PS to OSA and
resolution of PS to normal at follow-up seperately. All statistical analyses were
performed using SPSS 16.0 (SPSS Inc., Chicago, lllinois), and a p value <0.05

was considered statistically significant.

8.3 RESULTS

Of the 99 subjects invited, we failed to contact 6 and 18 refused to
participate. One case who had received tonsillectomy for recurrent tonsillitis
during the follow-up period was excluded. Therefore 74 subjects with PS
participated in this follow-up study. There were no significant differences in
demographic, clinical, environmental, socioeconomic or polysomnographic
characteristics between the 74 who participated and the 87 who did not (Table

8.1). Four participants had OAHI=1 at baseline using AASM 2007 criteria during
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rescoring, so a total of 70 subjects were included for final analysis. Mean time

of reevaluation was 4.6+0.6 (range 3.4-6.2) years after the initial assessment.
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Table 8.1. Characteristics of children with PS who did and did not participate in

the follow-up study

Participants Non-participants p value
(n=74) (n=87)

Age (years) 10.1(1.7) 10.3(1.7) .52
Male gender (n,(%)) 50 (67.6) 55 (63.2) .56
Weight (kg) 34.5(9.7) 35.2 (10.4) .65
Height (cm) 137 (11.2) 139 (11.2) .25
BMI (kg/m®) 18.0 (3.1) 17.9 (3.3) 74
BMI z-score 0.47 (0.95) 0.38 (1.08) .52
Puberty (n,(%)) 13 (17.6) 17 (19.5) .75
Large tonsils (n,(%)) 7(9.5) 13 (14.9) .29
Large adenoids (n,(%)) 3(4.1) 6 (6.9) 43
Snoring (n,(%)) .52

Sometimes 19 (25.7) 20 (23.5)

Often 30 (40.5) 30 (34.5)

Frequently 25 (33.8) 37 (42.5)
Allergic rhinitis (n,(%)) 62 (83.8) 67 (77.0) .28
Asthma (n,(%)) 11 (14.9) 9 (10.3) .39
Household smoking (n,(%)) 16 (21.6) 28 (32.2) .13
Share bedroom with others 58 (78.4) 62 (71.3) .30
(n,(%))
Family income (n,(%)) .09
<HK$10,000 14 (18.9) 29 (33.3)
HK$10,001-20,000 45 (60.8) 47 (54.0)

>HK$20,000 15 (20.3) 11 (12.6)
Paternal education (n,(%)) .58
Primary or below 7(9.5) 13 (14.9)

Secondary 56 (75.7) 62 (71.3)

Tertiary or above 11 (14.9) 12 (13.8)
Maternal education (n,(%)) .81
Primary or below 9 (12.2) 10 (11.5)

Secondary 55 (74.3) 68 (78.2)

Tertiary or above 10 (13.5) 9 (10.3)
OAHI (/hr) 0.12 (0.00-0.46) 0.15 (0.00-0.50) .63
SpO, nadir (%) 93 (92-95) 93 (92-94) .67
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Mean (SD), median (IQR) and number (%) are presented for parametric, non-parametric and
categorical data, respectively.

BMI: body mass index; OAHI: obstructive apnoea hypopnoea index; SpO, nadir: oxygen
saturation nadir.

8.3.1 Subjects’ characteristics at baseline and follow-up

For the whole group, changes in anthropometric and PSG parameters over
the follow-up period are shown in Table 2. As expected, subjects had significant
increase in weight and height however their average BMI z-score remained
unchanged. The proportion of pubertal children increased from 12.9% to 100%.
Only six subjects had large tonsils at baseline, of whom 3 had persistently large
tonsils at follow-up. Three subjects had large adenoids at baseline but none at
follow-up. None of the subjects had new onset of large tonsils or adenoids at
follow-up. OAHI, Arl and ODI increased while SpO, nadir decreased
significantly over the follow-up period (Figure 8.1 and Table 8.2).

Twenty-six of the 70 subjects (37.1%) developed OSA at follow-up. Their
median OAHI was 2.05 (ranging from 1.00 to 13.01), and 5 subjects (7.1%) had
OAHI=5. Amongst the remaining subjects without OSA at follow-up, 22 (31.4%)
remained as PS and 18 (25.7%) became normal. Four subjects were
unclassified at follow-up, of whom 2 had OAHI<1 but unclear snoring status and

2 had OAHI<1 but their SpO, nadir <90%.
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Table 8.2 Anthropometric and polysomnographic data of the subjects

(n=70) at baseline and follow-up

Baseline Follow-up p value
Age (year) 10.2 (1.7) 14.7 (1.8) <.001
Weight (kg) 35.0 (9.7) 55.7 (13.2) <.001
Weight z-score 0.36 (0.96) 0.59 (1.02) <.01
Height (cm) 138 (11.5) 162 (8.8) <.001
Height z-score -0.02 (1.11) 0.35(1.27) .01
BMI (kg/m?) 18.2 (3.1) 21.1 (3.9) <.001
BMI z-score 0.50 (0.94) 0.53 (0.90) .68
Tanner stage (n,(%)) <.001
Tanner 1 61 (87.1) 0 (0)
Tanner 2 5(7.1) 9 (12.9)
Tanner 3 3 (4.3) 25 (35.7)
Tanner 4 1(1.4) 32 (45.7)
Tanner 5 0 (0) 4 (5.7)
Large tonsils (n,(%)) 6 (8.6) 3 (4.3) .49
Large adenoids (n,(%)) 3 (4.3) 0 (0) .25
Sleep efficiency (%) 86.0 (77.4-89.2) 87.0 (77.0-92.2) .54
Sleep latency (min) 15 (8-24) 12 (9-17) .01
REM latency (min) 132 (96-168) 93 (75-171) A3
Stage N1 (% TST) 7.1(2.8) 8.5(3.9) <.01
Stage N2 (% TST) 46.2 (6.2) 48.7 (6.0) <.01
SWS (% TST) 25.1 (5.8) 21.4 (6.4) <.001
REM (% TST) 20.2 (4.3) 21.4 (4.1) .04
OAHI (/hr) 0.25 (0-0.61) 0.50 (0.08-1.50) <.001
SpO, nadir (%) 93 (92-95) 93 (91-94) .04
Arl (/hr) 5.5 (4.6-7.5) 6.7 (5.1-8.7) .03
ODI (/hr) 0.12 (0-0.35) 0.19 (0-0.59) <.01

Mean (SD), median (IQR) and number (%) are presented for parametric, non-

parametric and categorical data, respectively.

BMI, body mass index; REM, rapid eye movement; TST, total sleep time; SWS, slow
wave sleep; OAHI, obstructive apnoea hypopnoea index; SpO, nadir, oxygen
saturation nadir; Arl, arousal index; ODI, oxygen desaturation index.
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Figure 8.1. Change in (A) obstructive apnoea hypopnea index, (B) Sp0O2

nadir, (C) arousal index and (D) oxygen desaturation index of the subject

over the follow-up period
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8.3.2 Predictive clinical symptoms and risk factors for PS progression to
OSA

Among the OSA-related clinical symptoms, only persistent snoring was
significantly different between those who did and did not develop OSA at follow-
up (p=0.007). Persistent snoring had a relatively high sensitivity (87.5%, 95%ClI
66.5%-96.7%) and negative predictive value (NPV) (86.4%, 95%CIl 64.0%-
96.4%) despite poor specificity (45.2%, 95%CI 30.2%-61.2%) and positive
predictive value (PPV) (47.7%, 95%CI 32.7%-63.1%) for the development of
OSA. The positive likelihood ratio and negative likelihood ratio of persistent
snoring was 1.60 (95%CI 1.17-2.19) and 0.28 (0.09-0.84) respectively for the
development of OSA.

We analysed the effects of several potential factors in predicting
progression, persistence or resolution of PS using logistic regression models
(Table 8.3). In identifying the risk factors for worsening of PS, the univariate
analysis showed only the presence of persistent overweight/obesity was
significantly associated with progression to OSA, with odds ratio of 7.33 (95%
Cl=1.41-38.13). In a multivariate model adjusted for baseline age, gender,
persistently large tonsils and persistent snoring, the presence of persistent
overweight/obesity remained the only significant predictor, with odds ratio of
7.95 (95% ClI=1.43-44.09). In contrast, no factors were found to be significantly

associated with remission of PS.
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Table 8.3. Logistic regression analysis assessing the potential factors

associated with the worsening or remission of PS

PS at follow-up vs
OSA at follow-up

PS at follow-up vs

normal at follow-up

Crude OR Adjusted OR Crude OR Adjusted OR
(95% ClI) (95% Cl) (95% ClI) (95% ClI)
Male gender 2.25 - 0.64 -
(0.69-7.32) (0.18-2.25)
Baseline variables
Age 0.91 - 0.76 -
(0.65-1.29) (0.50-1.15)
BMI z-score 1.40 1.18
(0.75-2.64) (0.59-2.36)
Overweight/obesity 3.40 0.77
(0.97-11.98) (0.18-3.21)
Tanner stage 0.46 0.73
(0.11-1.90) (0.30-3.21)
Large tonsils 2.74 0.38
(0.26-28.41) (0.03-4.58)
Large adenoids - -
Allergic rhinitis 0.43 0.37
(0.10-1.91) (0.04-3.93)
Asthma 0.38 1.18
(0.06-2.28) (0.29-11.04)
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(Continued) Logistic regression analysis assessing the potential factors
associated with the worsening or remission of PS

PS at follow-up vs PS at follow-up vs
OSA at follow-up normal at follow-up
Crude OR Adjusted OR Crude OR Adjusted OR
(95% ClI) (95% Cl) (95% ClI) (95% ClI)
Change over follow-up period
Change in BMI z- 1.00 1.40
score (0.41-2.43) (0.54-3.59)
Persistent 7.33 7.95¢ 0.80 —3
overweight/obesity (1.41-38.13) (1.43-44.09) (0.10-6.32)
Persistent non- 0.71 0.60
overweight/ (0.23-2.23) (0.17-2.18)
obesity

Persistently large — — — —
tonsils

Persistent snoring — —

tAdjusted for baseline age, gender, persistently large tonsils and persistent snoring. § Adjusted
for baseline age, gender and persistently large tonsils. — Without significance.

8.4 DISCUSSIONS

In this community-based follow-up study of children with PS, we
demonstrated that more than one third of the subjects progressed to OSA over
a period of 4 years. Persistent snoring had a relatively high NPV for PS
progression. Persistent overweight/obesity placed children with PS at an
increased risk for such progression. To our knowledge, this study on the natural
history of PS in children is the first to report a significant proportion of subjects
with disease progression to OSA and its associated risk factors.

Studies examining natural history of PS are scarce in both adults and
children. The comparison between our study and the other three published

paediatric studies is shown in Table 8.4. None of the previous studies found
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significant changes in respiratory parameters for the group as a whole, and the
proportion of subjects progressed to OSA was much lower than in our study."®
187. 1881 One possible explanation for this discrepancy is our longer follow-up
period, which would allow subjects greater exposure time to risk factor(s)
leading to disease progression. One such risk factor was persistent
overweight/obesity. This is understandable as obesity is a well-established risk
factor for OSA.** 288l Our present study provided robust evidence that obesity is
a significant risk factor in causing disease progression along the SDB severity
spectrum in children. Therefore weight reduction may play an important role in
preventing PS from pregressing to OSA for overweight/obese children.

However in our study cohort the overall magnitude of change in BMI z-score
was only moderate, and we were unable to demonstrate a significant
association between change in BMI z-score and progression of PS. Further
intervention study to verify this hypothesis is needed.

The age range in our study was older than the other series. At follow-up all
of our subjects had reached puberty. We however, failed to find a significant
effect of puberty on PS progression. Previous studies showed that apnoea
hypopnea index had no correlation with Tanner stage in healthy adolescents.!??®
It has also been suggested that changes in sex hormones were not a primary
modulator of upper airway function during transition from childhood to
adulthood.'?®® Thus the role of puberty in SDB remains undefined at present.

On a similar note, we failed to identify gender as a significant risk factor for PS

progression in this current study.
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There is also discrepancy in the percentage of resolved PS across the four
studies (Table 8.4), likely a result of different definitions used for PS resolution.
All three published studies only used decreased questionnaire-based symptom
scores to define resolution of PS. We however, classified resolution of PS as
absence of snoring together with normal PSG findings.

Adenotonsillar hypertrophy was not found to be associated with PS
progression in this study. It may be because the mean age of our cohort at
baseline and follow-up were both beyond the peak age of lymphoid
hypertrophy.!**! This data was however not fully analysed in previous studies
where they included younger participants (Table 8.4).

In school-aged children, PS is not necessarily a stable status, especially
those who remained overweight or obese. Moreover, presence of persistent
snoring can also be used as a guide for disease progression. Persistent snoring
has a relatively high NPV for development of OSA, meaning that if a child with
PS did not continue to snore it was less likely that he/she would develop OSA.
Thus a clinician could give priority for repeat assessment for children with PS
who remain overweight or obese and/or with persistent snoring. Randomized
controlled studies are needed to assess whether obese children with PS can be
prevented from progressing to the development of OSA with weight reduction.

There were a few limitations in this study. Firstly, oesophageal pressure
monitoring was not used thus cases with UARS would have been missed.
Nevertheless nasal pressure was monitored in our study, which made up for

this potential source of error to some extent. Moreover, we compared baseline
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arousal index of normal healthy subjects from our previous epidemiologic study
with that of the 74 PS subjects in this study, and no significant differences were
found. Secondly, other potential factors associated with progression or
resolution of PS such as change in craniofacial structure or fat deposition in the
upper airway were not performed in this study.

In summary, more than one third of children with PS progressed over a 4-
year period to develop OSA, and persistent overweight/obesity was a significant
risk factor. Therefore in the management of school-aged children with PS, great
attention should be paid to weight control. As accumulating evidence suggest
PS is also associated with important sequelae, further studies should examine
the potential beneficial effects of intervention for this common paediatric

problem.
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Table 8.4. Comparison of our findings and previous studies on natural

history of PS in children

(n,(%))

Li et al Marcus et | Topol et al Nieminen
al et al

Number of PS 70 20 9 31
subjects who
underwent repeat
PSG
Mean Age at 10.2£1.7 614 7.212.4 6.0+1.8
initial assessment
(year)
Male gender 42(60.0) 12(60) 5(55.5) 17(54.8)
(n,(%))
Mean Follow-up 4.6 years 2 years 3.2 years 6 months
period
Baseline BMI 18.2+3.1 17.614.3 NA NA
Change in BMI z- Not Not NA NA
score significant | significant™
Change in PSG Significant Not Not Not
parameters significant significant significant
Progression to 26(37.1) 2(10) 1(11.1) 1(3.2)
OSA (n,(%))
Resolution of PS 18(25.7) 2(10) 5(38.4)@ 16(43.2)%

NA, not available.
(1) Chang in BMI

(2) Thirteen subjects completed sleep questionnaires.

(3) Thirty-seven subjects (31 primary snorers and 6 children with mild OSA)

completed sleep questionnaires.
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CHAPTER 9

GENERAL CONCLUSIONS

Snoring is a low-frequency sound produced by vibrations of the soft
tissues of the oropharyngeal walls during sleep.™® It represents the most
frequent symptom of sleep disordered breathing (SDB), which includes a
spectrum of diseases with severity ranging from primary snoring (PS), upper
airway resistance syndrome (UARS) to obstructive sleep apnoea (OSA).!*!
Childhood OSA has been demonstrated to lead to a large array of clinical
complications, including neurocognitive impairments and cardiovascular
abnormalities. Childhood PS, defined as snoring without apnoeas, frequent
arousals or gas exchange abnormalities is positioned at the mild end of SDB
continuum.”"® Primary snoring is usually considered as benign and no
treatment needs to be prescribed according to current guidelines.*”®

This thesis examined the prevalence and risk factors of snoring in Chinese
children in Hong Kong and investigated whether even childhood PS would be
associated with clinical sequelae, disturbance in sleep architecture, and
whether PS would progress to OSA if left untreated over a period of time.

Based on our findings, the prevalence rate of habitual snoring (snoring
frequency 23 nights/week) is 5.5% in preschool children and 9.2% in school-
aged children and adolescents, suggesting that habitual snoring is common in
the Chinese paediatric population. The prevalence rates of habitual snoring

vary widely in different countries and areas, and our reported rates are in the
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average range, but slightly low in preschool children. It is likely that inter-ethnic
differences may be present in craniofacial morphology and body fat distribution
that interact to produce the snoring susceptible phenotype.

The peak age of developing habitual snoring is 6 years in preschoolers.
This maybe related to the physiological growth and subsequent regression of
adenoids and tonsils. School-aged boys are found to run a higher risk of
developing habitual snoring, and this is especially true after entering puberty.
Obesity is a significant risk factor for developing habitual snoring, no matter in
toddlers or in school-aged children. It is understandable because obesity leads
to restricted upper airway size primarily through overgrowth and crowding of
soft tissues.*® Therefore weight reduction is essential in the management of
snoring. Allergies causing nasal and upper airway inflammation and blockage
might explain that children with allergic diseases and/or family history are prone
to having habitual snoring. Hence it is worthy of investigation whether anti-
inflammation therapy would be effective in alleviating snoring. Studies showed
that nasal corticosteroids helped to reduce frequency of snoring based on
parent-reported questionnaire.”® The more a child is exposed to household
smoking, the higher risk he/she will have in developing snoring. The
underpinning mechanism is not clear though. Encouraging parents to conduct
smoking cessation is a potential way to alleviate childhood snoring. In preschool
children habitual snoring is not only a self-existent manifestation but also
associated with other sleep problems including going to sleep reluctantly,

difficulty in falling asleep, night awakenings, sleep in prone position and overall
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poor sleep quality, which further increases the clinical importance of controlling
childhood snoring.

As far as neurocognitive complications of childhood PS is concerned,
primary school aged boys with snoring have significantly lower 1Q scores than
non-snoring counterparts, although the mean IQ score is still within normal
range. However snoring seems to have no significant effect on girls’
neurocognitive function. This finding suggests more attention should be
attached to boys’ snoring, because it is more likely to associate with impairment
in neurocognitive function. However children with PS in our study was not found
to have significantly worse neurocognitive performance compared to non-
snoring healthy controls. Nevertheless there was a trend towards poorer
sustained attention across the SDB severity spectrum increasing from control,
PS to OSA, independent of age, gender and parental socioeconomic status.
Taking such a small sample size in our study into account, it therefore is
inconclusive whether childhood PS is associated with neurocognitive function
impairment. The chances are that the trend will become a significant difference
with increase in sample size. The possible mechanism of snoring causing
neurocognitive dysfunction might include subtle oxygen desaturations and sleep
architecture disturbance secondary to micro-arousals. Further studies in this
aspect are needed.

In terms of cardiovascular consequences of childhood PS, FMD was lower
in PS subjects compared to non-snoring controls and significant difference

remained after adjustment for confounding factors including age, gender, BMI z-
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score etc. Since endothelial dysfunction is a well-established mechanism
mediating cardiovascular morbidities, our result suggests that even childhood
PS may have the risk for developing cardiovascular diseases in the future. We
also explored the association between snoring and BP, and found that parent-
reported questionnaire based habitual snoring is not able to independently
predict elevation of ambulatory BP in children.

We subsequently examined whether sleep would be disturbed in primary
snorers, i.e. whether their sleep architecture would be affected. We
demonstrated that normal sleep architecture was preserved in prepubertal
children with PS. Nevertheless pubertal adolescents with PS had increased
stage 1 sleep and WASO than non-snoring healthy controls. However clinical
relevance related to such disturbance in sleep architecture in PS remains
unclear.

Last, we investigated the natural history of childhood PS. More than one
third of school-aged children with PS may progress to OSA over a 4-year period,
though only <10% may develop moderate-to-severe disease. Persistent
overweight/obesity is a significant risk factor for the development of OSA at
follow-up. Thus weight control might be an important component in the
prevention for worsening of childhood PS.

In conclusion, snoring is commonly present in children and adolescents.
Childhood PS is found to be related to endothelial dysfunction, and sleep
architecture is altered in pubertal children with PS. Although neurocongitive

function is not significantly impaired in childhood PS, a trend towards its
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adverse effect exists. Furthermore, if left untreated, over one third of PS
subjects may progress to OSA, especially those who are persistently obese or
overweight. Therefore childhood PS may not be considered as totally benign
any more.

Thus future research should begin to explore ways in dealing with
childhood PS. The alternative non-invasive therapy may include weight
reduction or anti-inflammation medication such as intranasal corticosteroid
spray (ICS), leukotriene receptor antagonist, etc. Change in snoring symptom
guantified by an objective snoring sound recorder and PSG indexes may be
compared between treatment group and watchful waiting group over a period of

follow-up.
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FEHE & BHAR L2 &g B
(24 B %)
Name #: 44 :
( )
Gum Label
MRl
Age Filie
Height 5=:  cm
Weight B kg

&R Chronic medical diseases: *
|:| @ Yes =]
[]l @ Noii

*H1EF, FEaEs 1 yes, details:

[ ] Heart .0 g 6

[ Lung Hifiss @

[] Kidney &5 @®)

[] Liver ff% )

[ ] Neurological disorders (e.g., epilepsy &) ©)
[] Asthma B ®

[] Allergic rhinitis & & 3% %

[] Eczema ;&% ®)

[] Malignancy JEiE ©)

[] Psychiatric illness {575 (10)
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[ ] Psychological problems .0 EE[fEH (e.9., /N2 ZEiE ADHD) (1

[] Others 12)

Head injuries BHEETEE

(] @ YesH

[1 @ Nofi

*YIEA, sEiEsIf yes, details:
. {EPx Hospitalised?

] @ YesH

[1 @ Nofi
. FHENFHEG CT brain?

(] @ YesH

[] @ Nof®

. @i Surgery?

|:| (1) Yes ﬁ
[1 @» Noiz
. HHH Date

Recurrent minor illnesses HEKE WL TER (—EHEX):

URTI BRI R (EVE)

] @ YesAH
[] @ Nof
GE 55 % (HEE)
(] @ YesH
[] @ Nof
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Other illnesses Hf

|:| 1) Yes ﬁ

[1 @ Nof&

Major acute illnesses requiring hospitalisation 75 & R &R {FbxE:
(] @ YesH Episode 1 Episode 2 Episode 3

. 2 Diagnosis?

. [FFERFRE Length of stay?

. ABtHHH Date

[1 @» Noig

Major surgery & #fT5 M3l
(1 @ YesH Episode 1 Episode 2 Episode 3

. 2l Diagnosis?

. {FFEEFR] Length of stay?

. AlEHEA Date

[1 @ Nof&

Regular medications 5 B B2 & HiR%E:
I:' (1) Yes 7%

[1 @ Nof&

Family history of major illnesses, asthma/atopy FKERK EHE & EHIBEER (B
g/ B ERRE)

(1 @ YesH Relative 1 Relative 2 Relative 3

236



. [EzEkg Asthma?

. EgEER Allergic rhinitis?

. 8% Eczema?

[1 @» Noig

Vaccination history 5 & 3 5
[ ] @ Up-to-date (according to HK schedule) g a& AR =23 5f

[] @ Notup todate fiEHE & kR =R 15+

ELEEZ Y Vaccines given

[] @ Othervaccines HE

EPEZ A Vaccines given (e.g., 7K chicken pox, iRy ZE rotavirus,)

Birth history
BALHA Parity
Mode of delivery ZEZE =
o (Vaginal delivery  JIEzZE

e (pCaesarean section =&

e (3Vacuum extraction Wz

e (4Other HE
H A #SEE Birth weight kg
Za3E g Gestation weeks

Hi 4= 1% 55 —(E H 5 75 {3 F% Hospitalisations within the first month of life?

e nYes H Episode 1 Episode 2 Episode 3
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o =2 Diagnosis?

o fEBEHEf Length of stay?

o AB% EI,H:H Date

° (z)NO fﬂi—tt

fEHE Sleep

[ 1 @ 7FT&F Does your child snore when he/she is asleep?
l.Yes i 2.No &t

[l @ HH=ElE Does your child have any daytime sleepiness?
l.Yes i 2.No &t

L] @ fRMEEAREERT Hours of sleep at night:

o HH Weekdays /INB% hours/night

o >R Weekends /INB hours/night

Language 3=

[] @ Cantonese EE3E
[l @ Putonghua  LiEzk
[1 @ English HiE
[l @ Others HE

#LaE Schooling:
[0 @ 40#EE Kindergarten
[] @ /N2 Primary school

|:| ) Others HE
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HR A HANRE 5L Baby feeding

4%y Formula milk: l.yes 75 2.no i
Duration: (age of the baby)
R}H. Breast milk:  1l.yes & 2.no i
Duration: (age of the baby)
TS Weaning time: (age of the baby)
fai% 45 T &I & & Food supplement: (age of the baby)

JEEERIR

Any carpets 5t/ 75 {5 F 8L
(] @ YesH

[ @ Nof

Any furry pets/toys B EHE AT
[0 o YesH

[] @ Nof&

Burning of joss-sticks at home 5 5 & & E

[ o YesH

[] @ Nof

SEEENE:
Household smokers 52 Fr5 75 1 {2
(] @ YesH

[] @ Nof

Main carer 51 EHIEREE
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1. X0¥ Father
2. £} Mother
3. tHAC K} Grandparent
4. Domestic helper {# A

5. Other HE
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Educational background of the main carer 5l B IBEE R ERE

[] @ University / College S

[] @ High School e

[] @ FltoF3 h—ZEh=
[] @ Primary School and below — /NEZEG LR
[ ]  None Ner=1

Language of the main carer 53 IBEEEHEES
[] @ Cantonese  EEJNEE
[] @ Putonghua  Hif:zE

g

[ ] @ English A
H

=12
O

S

Y

[] @ Others

Occupation of the main carer 53 EHIREEZ IRk

[] @ Housewife FE T bt
[] ¢ Professional BEAL
[] @ Manual FEL

[] @ Non-manual FEFEL

[1 s Domestic helper — ZZRE(fET.

Does the main carer smoke SREMNREE S SMETE
[ o YesH

[] @ Nof&

*If yes 4157

Quantity #&: &H fH cigarettes per month
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5
-l
i
N
k>
ﬁ‘\"'ﬂ
ﬂt
Ky N
Bt
ut
o

Serial no 45%:

Address {34

Mother REEH
Name #:44:

Gum Label

Age Fif:

Occupation :

[1 @ Housewife 5z
2  Professional ¥ A+
@ Manual F{ET

@  Non-manual JEF{E T

s  Fisherman [

OO O0dd

©  Fishery industry 2
Occupational exposure _7_/Fhs & #2571
[0 o Yes 2

[] @ No &

Details:

[] Chlorine and caustic soda production & {E¥)81ef 11y
[] Mining and metallurgy  BRORELS: T 95K

[] ElectroplatingZE#E ¥k}

[] Chemical and textile manufacturing {EE2ELELAYHEL o)
(] Wood ARk}

[] Plastics and paper processing YRR AR TR RIS YR
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[1 Leather tanning 574 &E Mkl @
[] Pharmaceutical manufacturing 27| S & 54! ®

[] Ceramic ware manufacturing V& s E el ©

Education 5EE:

[] @ University/College A

[] @ High School A

[] @ FLltoF3 oz =

[1 @ Primary School and below /NEZET LI

[ ]  None =]

NS-SEC Occupation:
@)  Modern professional occupations FR(CEFE A 1=

@  Clerical and intermediate occupations H4§ “ZHgk A &

@ Senior managers or administrators & 3 & &g

@ Technical and craft occupations ffiif A &

)  Semi-routine manual and service occupations “f-EARES
©  Routine manual and service occupations TA

@ Middle or junior managers  HfEEEEEE A&

@ Traditional professional occupations {H4FEE A+

O O0do0Odoon

NS-SEC employment status:

[ 1 @ Employers - large organisations
[l @ Employers—small organisations
[1 @ Self-employed, no employees
[] @ Managers - large organisations
[ ] s Managers —small organisations
[ ] @ Supervisors

[l @ Other employees
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NS-SEC Class:

[ ] @ Managerial and professional occupations

[ ] @ Intermediate occupations

[ 1 @ Small employers and own account workers
[ ] @ Lower supervisory and technical occupations

[ ] @ Semi-routine and routine occupations

Language 585
[] @ Cantonese 3%

[] @ Putonghua  idsE

[] @ English iR
[ ] @ Others HE
fF= Type of residence:

[] @ Private MNETE
[ ] @ Public Housing 2\ 3:ZEAT
[ 1 @ Others HAt,

Age of house/apartment £  years
Size of living quarters (=& SEIR
Number of rooms 18 H

Number of people living in house/apartment J&{3 A &

Alcohol consumption JEREER - *

(] @ YesH

[] @ Nof

[ 1 @ Social drinker

*UIEF, FE1GHHPEEL - FEAE If yes, type of alcohol consumption:
(] beer mp @

[] brandy = @
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whisky - ®
white wine = @)
red wine £ ®)

Chinese wine F1EE  (g)
other EAt, )

O 0Ododn

Quantity (p&=: §H #£ glasses per month &7 for

Smoking B FE M *

(1 @ Yes &

[1 @ Noif&

*If yes 4157

Quantity #5: &H ff cigarettes per month for 24

18395 Chronic medical diseases: *

[ w YesH

[] @ Nof&

*1EAE, EE5) I yes, details:

] Heart .0 )
[ 1 Lung fii @
[] Kidney &5 @)
[ ] Liver ffs @)
[ ] Neurological disorders (e.g., epilepsy &) ©)
[] Asthma B ®
[ ] Allergic rhinitis #& &£ 3% @
[] Eczema ;22 ®)
[ ] Malignancy JEiE ©)
[ ] Psychiatric illness (10)
[ ] Psychological problems 1)
[] Others 12)
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Father 23
Place of birth 444

Age Fi:

Education EEE:

[] @ University/College A%

[1 @ High School =

[ @ FltoF3  —zh=

[] @ Primary School and below /NI

L] s None RH

Occupation FE32E:

[] @ Unemployed i
[] @ Professional #3% A+
[] 3 Manual F{ET

[] @ Non-manual JEFE T
[l Fisherman jfaE

[] @  Fishery industry jfaZ

NS-SEC Occupation:

@  Modern professional occupations

@  Clerical and intermediate occupations

@  Senior managers or administrators

@  Technical and craft occupations

)  Semi-routine manual and service occupations
) Routine manual and service occupations

@  Middle or junior managers

Doododoon

@ Traditional professional occupations
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NS-SEC employment status:

[l @ Employers - large organisations

[l @ Employers—small organisations

[1 @ Self-employed, no employees

[] @ Managers - large organisations

[ ] s Managers —small organisations

[ ] e  Supervisors

[] @ Other employees

NS-SEC Class:

[ ] @ Managerial and professional occupations
[] @ Intermediate occupations

[ ]l @ Small employers and own account workers
[ ] @ Lower supervisory and technical occupations
[] ) Semi-routine and routine occupations

Language s&E=:

[] @ Cantonese &

[ ] @ Putonghua AL

[1 @ English HiE

[ ]l @ Others H

Smoking HEREN: *

(] @ Yes &

[] @ NofE

*If yes 4754

Quantity #&: &H_____f cigarettes per month for 273

Alcohol consumption JEXEERFH:*

L o

Yes H
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[1 @ Noig
[] @ Social drinker
*UEA, GG IEEERLZ A If yes, type of alcohol consumption:

[] beer ngf )
[] brandy HEH @
[] whisky g+ )
[]  white wine [}F§ @
[] redwine 47 ®)
[] Chinese wine tHEH ()
[] other HAf @
Quantity {p&: &H ¥£ glasses per month &7 for 4 years

8% Chronic medical diseases: *
[] o YesH

[l @ NofE

*H15F, FEaEs I yes, details:

[ ] Heart .0 g 6
[ ] Lung Hiifp @
[] Kidney &% ®)
[ ] Liver ffim @)
[] Neurological disorders (e.g., epilepsy ¥afH]) ©)
[[] Asthma g ®)
[] Allergic rhinitis &% % 0
[] Eczema 22 ®)
[ ] Malignancy ¥EiE ©)
[ ] Psychiatric illness (10)
[] Psychological problems (1)
[ ] Others (12)
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Monthly family income FpE& B WA HKS:

Ooodn

@
@
©)
©
(®)

< $ 10000
$10000- $20000
$20000-$30000
$30000-$40000
>$40000
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&R EEREE
[XRF%RHE]

wi: i
(B2HEEHE) (ABrIEE)

B HEHE: _ /| (HIAM

EEBERKEREE:

0] 3G 200 8B 30 ¥ () 4[] Hth:

B HY SRS GRE L REE R —F N H EERE

& - R TR R R EAEIRE - FeEsHARERR - WEHE

“ARBRILE 5 H 54 & - FEEENTRENL < > 3

HEEEFAME A EER - SHaE |

o FrE B AR B RE
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A) FLER &
1) 5 10 % 20 %

2) a. HAEHBIH/AAE) / /
b. tHAERES ¢ 10 B 20 B desEaaw: e f) 30 Hi gegEaem & H)
c. BFEEX) -

3 a BE: (k) b *HEE (T /B (esmErmmsg)

4) EEFHI © (AT v ZIHER)
a 100 BSCEFRIGE 20 BSORIEIE 30 BEsplREE 40 BUERIEE SO Hit o
b. EfEERESEN, WIFESDVARME:
c. it/ 2 /D8 e 26 bk

5) BEREE

a. FER (GHHEL IR IS RhEIHELR)
b. B 100 RAFBE 2] THHE 3] &H
B) REHE "Hi— NEEARARS

0

6) EREEFAER : - B 505
1L] & OL] A7 (f [EiE—[E )

7 MUMIEF A ® B 58 B IE?

10 2 0] & (fn [ii] e — i PR

8) ai. BE- 3T, th/ulisnGiE s EEE Y e B B 4y
. B8 - 37, /e ST A A ? B 4y
bi 2 ~ p RN LERAYIRE, M/abapndm s ST, Rl B 4y
. B# 2 ~ PR REAEHE, /R E R (A & ? B 4y
ci. Bk U R BUR, /ARG R L B B2 By 4y
i, fef BB, /it K BT A & 2 By 4y

9) fi/ahiEE g & 5 SR A N~ g
1] ZDir 10578 2] 11-3047 8% 3] 31-6047 5% 4] #EIE605T 5

10) M/t —F A E 3a% gpgd S pEE? e e

1) a. UREEByfth 4 18 3] &3 chpem IE? 1] 2%y 0] K24
b. IREE Rt/ TE % X 4 €437 /INEF bax: 1
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Natural History of Primary Snoring in
School-aged Children

A 4-Year Follow-up Study

Albert M. Li, MD; Yin Zhu, MM; Chun T. Au, MPhil; Dennis L. Y. Lee, MB:
Crover Ho, RPSGT: and Yun K. Wing, MB

Background: The objective of this study was to examine the natural history of childhood primary
snoring (PS) and to identify predictive clinical symptoms and risk factors associated with PS pro-
gression to obstructive sleep apnea (OSA).

Methods: Children aged 6 to 13 years old who received a diagnosis of PS in our previous community-
based OSA prevalence study were invited to undergo repeat polysomnography (PSG) at 4-year
follow-up. Subjects with an obstructive apnea hypopnea index (OAHI) =1 were classified as hav-
ing OSA at follow-up.

Results: Seventy children (60% boys) with a mean age of 14.7 = 1.8 years were analyzed in this
follow-up study. The mean duration of follow-up was 4.6 = 0.6 years. At follow-up, 26 subjects
(37.1%) progressed to OSA, of whom five (7.1%) had moderate to severe disease (OAHI =5).
Twenty-two (31.4%) remained at PS, and 18 (25.7%) had complete resolution of their snoring with
normal PSG. Persistent snoring had a positive predictive value of 47.7% and a negative predictive
value of 86.4% for progression from PS to OSA. Multivariate logistic regression analysis showed
that persistent overweight/obesity was a significant risk factor for the development of OSA at
fOllOW-up, with an OR of 7.95 (95% CI, 1.43-44.09).

Conclusions: More than one-third of school-aged children with PS progressed to OSA over a
4-year period, although only 7.1% developed moderate to severe disease. Weight control may be
an important component in the management of PS because obesity was found to be a significant
risk factor for PS progression. CHEST 2013; 143(3):729-735

Abbreviations: AASM = American Academy of Sleep Medicine; OAHI = obstructive apnea hypopnea index; OSA =
obstructive sleep apnea; PS = primary snoring; PSG = polysomnography; SDB = sleep-disordered breathing; Spo,

SLEEP DISORDERS

nadir = oxygen saturation nadir

Snoring is a common symptom of pediatric sleep-
disordered breathing (SDB), and the reported
prevalence of habitual snoring ranges from 4.0% to
34.5%.1 SDB includes a spectrum of diseases with
severity ranging from primary snoring (PS), to upper
airways resistance syndrome, to obstructive sleep apnea
(OSA).56 In contrast to OSA, PS, which is defined
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as snoring without apnea, frequent arousals, or gas
exchange abnormalities,” has been positioned at the
milder end of the SDB severity continuum,’ and treat-
ment is usually not prescribed.?

Nevertheless, whether deferment of treatment of PS
is safe has recently led to more research. Kwok et al'
found that children with PS had increased casual
daytime BP and reduced arterial distensibility. Our
research group further demonstrated that nighttime
BP was also elevated in children with PS.1! A more
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recent study found that PS was a risk factor for hyper-
active and inattentive behavior and poor school perfor-
mance in children.”? Accumulating evidence suggests
PS may be associated with a variety of clinical sequelae,
and, therefore, it should no longer be considered as
completely benign.'

Another important issue that relates to whether PS,
if left untreated, progresses to OSA, persists, or resolves
over time has been poorly investigated. To our knowl-
edge, only three research studies that examined the
natural history of PS in children have been published.
The three studies repeated polysomnography (PSG)
in cohorts of 20, nine, and 31 children with PS over
a 2-year, 3-year, and 6-month period, respectively. All
three studies concluded that PS in children gener-
ally did not evolve to OSA over time.'*'6 These stud-
ies, however, had small sample sizes and consisted
of hospital-based subjects. In this study, we aimed to
determine (1) the natural history of PS in school-aged
children recruited from the community over a 4-year
period and (2) the clinical symptoms and risk factors
predictive of PS progression to OSA.

MATERIALS AND METHODS

Subjects

This was a prospective study of a cohort established between
2003 and 2005 for a childhood OSA epidemiologic study.'” Children
aged 6 to 13 years old from 13 primary schools were randomly
recruited. A total of 619 subjects underwent PSG, and 161 were
defined as having PS (see later discussion in the “Polysomnog-
raphy” section for definition). For this follow-up study, as a result
of limited resources, only the first 99 consecutive subjects with
PS were invited to undergo repeat assessment. Subjects were
excluded from the study if they had cardiovascular, renal, or neu-
romuscular diseases; chromosomal abnormalities; or acute illness
within 2 weeks of PSG; or if they had undergone upper airway
surgery or had started on CPAP treatment during the follow-up
period. Written informed consent and assent were obtained from
the parents and subjects, respectively. The study was approved
by the Clinical Research Ethics Committee of the Chinese Uni-
versity of Hong Kong (CRE_2007.363).

Sleep Symptom Questionnaire

A validated sleep symptom questionnaire!s was completed by
parents of recruited subjects at baseline and follow-up, and the
following information was extracted: (1) snoring frequency and
other sleep-related symptoms rated on a 6-point scale (0 = never,
1 =less than 1 night per month, 2 =1 to 2 nights per month, 3 =1
to 2 nights per week, 4 = 3 nights or more per week, 5 = unclear),
snoring and other OSA-related symptoms were defined as present
if their frequency scored 2 to 4; (2) clinical features: history of
allergic rhinitis and asthma; and (3) socioeconomic and environ-
mental factors. We defined “persistent” as having a positive history
at both time points.

Anthropometry Assessment

The weight, height, and Tanner stage of all subjects were assessed
on the day of PSG. BMI was calculated as weight/height? (kg/m?).

730

Weight, height, and BMI were converted to z scores appropriate
for age and sex, according to local reference.’ Overweight and
obese children were defined as those having a BMI z score = 1.036
and 1.645, corresponding to the 85th and 95th percentile, respec-
tively. We defined “persistent overweight/obesity” as being over-
weight or obese at both baseline and follow-up. Pubertal stage
was evaluated using a self-assessment questionnaire to categorize
Tanner stages.? Prepubertal was defined as Tanner stage 1, and
pubertal was defined as Tanner stage 2 or greater.

Tonsil and Adenoid Size Assessment

The examination was carried out in the morning after overnight
PSG by an otorhinolaryngologist. The tonsils and adenoids were
evaluated for size by a 4-mm rigid rhinoscope (Storz endoscopy)
and a flexible laryngoscope (P4, Olympus), respectively. The sizes
of tonsils and adenoids were reported as percentages of the oro-
pharyngeal and nasopharyngeal airways, respectively. A large ton-
sil or adenoid was defined as the soft tissue occupying =50% of
the corresponding airway. Tonsils and adenoids were further clas-
sified as “persistently large” if they were large at both time points.

Polysomnography

All recruited children underwent initial and follow-up standard
overnight PSG at a dedicated sleep laboratory with CNS 1000P
polygraph (CNS, Inc). In brief, the central and occipital EEG,
bilateral electrooculogram, submental electromyogram, bilateral
leg electromyogram, and ECG were recorded. The positions of
the subject, respiratory airflow (nasal cannula connected to pres-
sure transducer), respiratory efforts (strain gauge), and arterial
oxyhemoglobin saturation (by Ohmeda 3700 pulse oximeter) were
measured. All data were scored by experienced PSG technolo-
gists. At baseline, the standard criteria described in our previous
publication were used for scoring,2'22 whereas at follow-up, the
new American Academy of Sleep Medicine (AASM) 2007 pediat-
ric PSG scoring criteria were used.?® Therefore, all the baseline
data of subjects with PS who participated in our follow-up study
were rescored using AASM criteria. Those who were not classified
as having PS by the new criteria were excluded.

The obstructive apnea hypopnea index (OAHI) was defined as
the total number of obstructive apneic and hypopneic episodes
per hour of sleep. The oxygen desaturation index was defined as
the total number of dips in arterial oxygen saturation > 3% per
hour of sleep. The oxygen saturation nadir (Spo, nadir) was also
noted. The arousal index was defined as the total number of
arousals per hour of sleep.

Children who snored were given a diagnosis of PS if their
OAHI was <1 and Spo, nadir was =90%. At follow-up, children
were given a diagnosis of OSA if their OAHI was = 1. Normal
subjects were defined as nonsnorers with an OAHI <1 and Spo,
nadir =90%.

Statistical Analysis

Student ¢ tests, Mann-Whitney U tests, and x2 tests for para-
metric, nonparametric, and categorical data, respectively, were used
to detect difference between subjects who participated in this study
and those who did not. Paired ¢ tests, Wilcoxon signed rank tests,
and McNemar tests for parametric, nonparametric, and cate-
gorical data, respectively, were used to examine intragroup dif-
ferences between baseline and follow-up. Sensitivity, specificity,
positive predictive value, negative predictive value, positive like-
lihood ratio, and negative likelihood ratio, together with their
95% ClIs of OSA-related symptoms, were calculated using an online
software (http://vassarstats.net/clinl.html). Binary logistic regres-
sion analyses were performed separately to investigate the factors
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associated with the progression of PS to OSA and the resolution
of PS to normal at follow-up. All statistical analyses were per-
formed using SPSS 16.0 (IBM), and a P value <.05 was consid-
ered statistically significant.

RESULTS

Of the 99 subjects invited, we failed to contact six
and 18 refused to participate. One case subject who
had received a tonsillectomy for recurrent tonsillitis
during the follow-up period was excluded. Therefore,
74 subjects with PS participated in this follow-up study.
There were no significant differences in demographic,
clinical, environmental, socioeconomic, or polysomno-
graphic characteristics between the 74 who participated
and the 87 who did not (Table 1). Four participants
had an OAHI =1 at baseline using AASM 2007 cri-
teria during rescoring, so a total of 70 subjects were
included in the final analysis. The mean time of reeval-
uation was 4.6 * 0.6 years (range, 3.4-6.2 years) after
the initial assessment.

Subjects’ Characteristics at Baseline and Follow-up

Changes in anthropometric and PSG parameters
for the whole group over the follow-up period are
shown in Table 2. As expected, subjects showed a sig-
nificant increase in weight and height; however, their
average BMI z scores remained unchanged. The pro-
portion of pubertal children increased from 12.9%
to 100%. Only six subjects had large tonsils at base-
line, of whom three had persistently large tonsils at
follow-up. Three subjects had large adenoids at base-
line but none at follow-up. None of the subjects had
new onset of large tonsils or adenoids at follow-up.
The OAHI, arousal index, and oxygen desaturation
index increased, whereas the Spo, nadir decreased sig-
nificantly over the follow-up period (Fig 1, Table 2).

Twenty-six of the 70 subjects (37.1%) developed OSA
at follow-up. Their median OAHI was 2.05 (range,
1.00-13.01), and five subjects (7.1%) had an OAHI =5.
Among the remaining subjects without OSA at
follow-up, 22 (31.4%) remained as PS and 18 (25.7%)
became normal. Four subjects were unclassified at
follow-up, of whom two had an OAHI < 1 but unclear
snoring status and two had an OAHI <1 but a Spo,
nadir <90%.

Predictive Clinical Symptoms and Risk
Factors for PS Progression to OSA

Among the OSA-related clinical symptoms, only
persistent snoring was significantly different between
those who did and did not develop OSA at follow-up
(P =.007). Persistent snoring had a relatively high sen-
sitivity (87.5%; 95% CI, 66.5%-96.7%) and negative
predictive value (86.4%; 95% CI, 64.0%-96.4%) despite

journal.publications.chestnet.org

Table 1—Characteristics of Children With PS Who Did
and Did Not Participate in the Follow-up Study

Participants ~ Nonparticipants
Characteristic (n="T74) (n=87) P Value
Age, mean (SD), y 10.1 (1.7) 10.3 (1.7) .52
Male sex 50 (67.6) 55 (63.2) 56
Weight, mean (SD), kg~ 34.5 (9.7) 35.2(10.4) .65
Height, mean (SD), em 137 (11.2) 139 (11.2) 25
BMI, mean (SD), kg/m2 18.0 (3.1) 17.9 (3.3) 74
BMI z score, mean (SD) 0.47 (0.95) 0.38 (1.08) 52
Puberty 13 (17.6) 17 (19.5) 75
Large tonsils 7(9.5) 13 (14.9) .29
Large adenoids 3(4.1) 6(6.9) 43
Snoring .52
Sometimes 19 (25.7) 20 (23.5)
Often 30 (40.5) 30 (34.5)
Frequently 25 (33.8) 37 (42.5)
Allergic rhinitis 62 (83.8) 67 (77.0) 28
Asthma 11 (14.9) 9 (10.3) .39
Household smoking 16 (21.6) 28 (32.2) 13
Share bedroom with 58 (78.4) 62 (71.3) 30
others
Share bed with others 17 (23.0) 25 (28.7) 41
Household area <50 m2 43 (58.1 56 (64.4) 42
Family income .09
=HK$10,000 14 (18.9) 29 (33.3)
HK$10,001-$20,000 45 (60.8) 47 (54.0)
> HK$20,000 15 (20.3) 11 (12.6)
Paternal education .58
Primary or below 7(9.5) 13 (14.9)
Secondary 56 (75.7) 62 (71.3)
Tertiary or above 11 (14.9) 12 (13.8)
Maternal education 81
Primary or below 9(12.2) 10 (11.5)
Secondary 55 (74.3) 68 (78.2)
Tertiary or above 10 (13.5) 9 (10.3)
OAHI, median 0.12 (0.00-0.46) 0.15 (0.00-0.50) .63
(IQR), per h
Spo, nadir, median 93 (92-95) 93 (92-94) 67
(IQR), %

Data are presented as No. (%) unless indicated otherwise. HK = Hong
Kong; IQR = interquartile range; OAHI = obstructive apnea hypopnea
index; PS = primary snoring; SpO, nadir = oxygen saturation nadir.

poor specificity (45.2%; 95% CI, 30.2%-61.2%) and
positive predictive value (47.7%; 95% CI, 32.7%-63.1%)
for the development of OSA. The positive likelihood
ratio and negative likelihood ratio of persistent snor-
ing were 1.60 (95% CI, 1.17-2.19) and 0.28 (95% CI,
0.09-0.84), respectively, for the development of OSA.

We analyzed the effects of several potential factors
in predicting progression, persistence, or resolution
of PS using logistic regression models (Table 3). In
identifying the risk factors for worsening of PS, the
univariate analysis showed that only the presence of
persistent overweight/obesity was significantly asso-
ciated with progression to OSA, with an OR of 7.33
(95% CI, 1.41-38.13). In a multivariate model adjusted
for baseline age, sex, persistently large tonsils, and
persistent snoring, the presence of persistent over-
weight/obesity remained the only significant predictor,
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Table 2—Anthropometric and Polysomnographic Data of the Subjects (N = 70) at Baseline and Follow-up

Characteristic Baseline Follow-up P Value
Age,y 102 (1.7) 147 (1.8) <.001
Weight, ke 35.0 (9.7) 55.7(13.2) <.001
Weight z score 0.36 (0.96) 0.59 (1.02) <.01
Height, cm 138 (11.5) 162 (8.8) <.001
Height z score —0.02 (1.11) 0.35 (1.27) .01
BMI, kg/m? 18.2 (3.1) 21.1(3.9) <.001
BMI z score 0.50 (0.94) 0.53 (0.90) .68
Tanner stage, No. (%) <.001

Tanner 1 61 (87.1) 0(0)

Tanner 2 5(7.1) 9 (12.9)

Tanner 3 3(4.3) 25 (35.7)

Tanner 4 1(1.4) 32 (45.7)

Tanner 5 0(0) 4(5.7)
Large tonsils, No. (%) 6 (8.6) 3(4.3) 49
Large adenoids, No. (%) 3 (4.3) 0(0) 25
Sleep efficiency, median (IQR), % 86 0(77.4-89.2) 87 0(77.0-92.2) 54
Sleep latency, median (IQR), min 15 (8-24) 12 (9-17) .01
REM latency, median (IQR), min 132 (96-168) 93 (75-171) 13
Stage N1, % TST .1(2.8) 5(3.9) <.01
Stage N2, % TST 46 2(6.2) 48 7(6.0) <.01
SWS, % TST 25.1(5.8) 21.4 (6.4) <.001
REM, % TST 20.2 (4.3) 21.4 (4.1) .04
OAHI, median (IQR), per h 0. 25 (0-0.61) 0. 50 (0.08-1.50) <.001
Spo, nadir, median (IQR), % 93 (92-95) 93 (91-94) .04
Arl, median (IQR), per h 5 (4.6-7.5) 7(5.1-8.7) .03
ODI, median (IQR), per h ().19 (0-0.35) 0. 19 (0-0.59) <.01

Data are presented as mean (SD) unless indicated otherwise. Arl = arousal index; ODI = oxygen desaturation index; REM = rapid eye movement;

SWS = slow-wave sleep; TST = total sleep time. See Table 1 legend for expansion of other abbreviations.

with an OR of 7.95 (95% CI, 1.43-44.09). In contrast,
no factors were found to be significantly associated
with remission of PS.

Di1scussioN

In this community-based follow-up study of chil-
dren with PS, we demonstrated that more than one-
third of the subjects progressed to OSA over a period
of 4 years. Persistent snoring had a relatively high
negative predictive value for PS progression. Persis-
tent overweight/obesity placed children with PS at an
increased risk of such progression. To our knowledge,
this study on the natural history of PS in children is
the first to report a significant proportion of subjects
with disease progression to OSA and its associated
risk factors.

Studies examining the natural history of PS in both
adults and children are scarce. A comparison between
our study and the other three published pediatric stud-
ies is shown in Table 4. None of the previous studies
found significant changes in respiratory parameters
for the group as a whole, and the proportion of sub-
jects who progressed to OSA was much lower than
in our study.’*16 One possible explanation for this dis-
crepancy is our longer follow-up period, which would

732

allow subjects greater exposure time to the risk factor(s)
leading to disease progression. One such risk factor
was persistent overweight/obesity, which is under-
standable because obesity is a well-established risk
factor for OSA.724 Our current study provided robust
evidence that obesity is a significant risk factor in
causing disease progression along the SDB severity
spectrum in children. Therefore, weight reduction
may play an important role in preventing PS from pro-
gressing to OSA for overweight/obese children. How-
ever, in our study cohort the overall magnitude of
change in BMI z score was only moderate, and we
were unable to demonstrate a significant associa-
tion between change in BMI z score and progression
of PS. Further intervention to verify this hypothesis is
needed.

The age range in our study was older than those of
the other series. At follow-up, all of the subjects had
reached puberty. However, we failed to find a signifi-
cant effect of puberty on PS progression. Previous
studies showed that the apnea hypopnea index had
no correlation with Tanner stage in healthy adoles-
cents.? It has also been suggested that changes in sex
hormones were not a primary modulator of upper
airways function during transition from childhood to
adulthood.? Thus, the role of puberty in SDB remains
undefined at present. On a similar note, we failed to
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FIGURE 1. Changes in subject measurements over the follow-up period. A, Obstructive apnea hypopnea
index. B, SpO, nadir. C, Arousal index. D, Oxygen desaturation index. SpO, nadir = oxygen saturation nadir.

different definitions used for PS resolution. All three
published studies used only decreased questionnaire-
based symptom scores to define resolution of PS. We,
however, classified resolution of PS as an absence of

identify sex as a significant risk factor for PS progres-
sion in the current study.

A discrepancy also exists in the percentage of resolved
PS across the four studies (Table 4), likely a result of

Table 3—Logistic Regression Analysis Assessing the Potential Factors Associated With the Worsening or
Remission of PS

PS at Follow-up vs OSA at Follow-up PS at Follow-up vs Normal at Follow-up

\
Adjusted OR (95% CI)

\ \
Potential Factors Crude OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Male sex 2.25 (0.69-7.32) Not significant 0.64 (0.18-2.25) Not significant
Baseline variables
Age 0.91 (0.65-1.29) Not significant 0.76 (0.50-1.15 Not significant
BMI z score 1.40 (0.75-2.64) 1.18 (0.59-2.36
Overweight/obesity

Tanner stage
Large tonsils
Large adenoids
Allergic rhinitis
Asthma

Change over follow-up period
Change in BMI z score
Persistent overweight/obesity

Persistent non-overweight/obesity

Persistently large tonsils

Persistent snoring

0.46 (0.11-1.90)
2.74 (0.26-28.41)
Not significant
0.43 (0.10-1.91)
0.38 (0.06-2.28)

(
(
3.40 (0.97-11.98)
(
(

1.00 (0.41-2.43)

7.33(1.41-38.13)

0.71 (0.23-2.23)
Not significant
Not significant

7.95 (1.43-44.09)

Not significant
Not significant

0.73 (0.30-3.21
0.38 (0.03-4.58
Not significant
0.37 (0.04-3.93)
1.18 (0.29-11.04)

( )
( )
0.77 (0.18-3.21)
( )
( )

1.40 (0.54-3.59)
0.80 (0.10-6.32)
0.60 (0.17-2.18)

Not significant

Not significant?

Not significant

OSA = obstructive sleep apnea. See Table 1 legend for expansion of other abbreviations.
*Adjusted for baseline age, sex, persistently large tonsils, and persistent snoring.
"Adjusted for baseline age, sex, and persistently large tonsils.
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Table 4—Comparison of Our Findings and Previous Studies on Natural History of PS in Children

Comparisons Lietal Marcus et al't Topol and Brooks!® Nieminen et al's
No. subjects with PS who underwent repeat PSG 70 20 9 31

Age at initial assessment, mean + SD, y 102+1.7 6*+4 72+24 6.0*+1.8
Male sex, No. (%) 42 (60.0) 12 (60) 5(55.5) 17 (54.8)
Follow-up period, mean, y 4.6 2 3.2 0.5
Baseline BMI, mean = SD 18.2£3.1 176 +4.3 NA NA
Change in BMI z score Not significant Not significant NA NA
Change in PSG parameters Significant Not significant Not significant Not significant
Progression to OSA, No. (%) 26 (37.1) 2 (10) 1(11.1) 1(3.2)
Resolution of PS, No. (%) 18 (25.7) 2 (10) 5(38.4)> 16 (43.2)¢

NA = not available; PSG = polysomnography. See Table 1 and 3 legends for expansion of other abbreviations.

“Change in BML
bThirteen subjects completed sleep questionnaires.

<Thirty-seven subjects (31 primary snorers and six children with mild OSA) completed sleep questionnaires.

snoring together with normal PSG findings. Adenoton-
sillar hypertrophy was not found to be associated with
PS progression in this study. It may be because the
mean age of our cohort at baseline and at follow-up
were both beyond the peak age of lymphoid hyper-
trophy.2” However, these data were not fully analyzed
in the previous studies, which included younger par-
ticipants (Table 4).

In school-aged children, PS does not necessarily
remain stable, especially in those who remain over-
weight or obese. Moreover, the presence of persistent
snoring can be used as a guide for disease progres-
sion. Persistent snoring has a relatively high negative
predictive value for the development of OSA, mean-
ing that if a child with PS does not continue to snore
it is less likely that he/she will develop OSA. Thus, a
physician could give priority for repeat assessment to
children with PS who remain overweight or obese
and/or to those with persistent snoring.

This study had a few limitations. Firstly, esophageal
pressure monitoring was not used; thus, cases with
upper airways resistance syndrome would have been
missed. Nevertheless, nasal pressure was monitored
in our study, which made up to some extent for this
potential source of error. Secondly, other potential
factors associated with the progression or resolution
of PS, such as change in craniofacial structure or fat
deposition in the upper airways, were not assessed in
this study.

CONCLUSIONS

In summary, more than one-third of children with
PS progressed over a 4-year period to the develop-
ment of OSA, and persistent overweight/obesity was
a significant risk factor. Therefore, in the management
of school-aged children with PS, greater attention
should be paid to weight control. Because accumu-
lating evidence suggests PS is also associated with
important sequelae, further studies should examine
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the potential beneficial effects of intervention for this
common pediatric problem.

ACKNOWLEDGMENTS

Author contributions: Dr Li is the guarantor of the manuscript
and takes responsibility for the integrity of the data and the accu-
racy of the data analysis.

Dr Li: contributed to the project planning, recruitment of sub-
jects, revision of the article, and approval of the final manuscript.
Ms Zhu: contributed to the data analysis, revision of the article,
and approval of the final manuscript.

Mr Au: contributed to the performance and scoring of the poly-
somnography, revision of the article, and approval of the final
manuscript.

Dr Lee: contributed to the performance and assessment of the
otorhinolaryngology, revision of the article, and approval of the
final manuscript.

Mr Ho: contributed to the performance and scoring of the poly-
somnography, revision of the article, and approval of the final
manuscript.

Dr Wing: contributed to the revision of the article and approval of
the final manuscript.

Financial/nonfinancial disclosures: The authors have reported
to CHEST that no potential conflicts of interest exist with any
companies/organizations whose products or services may be dis-
cussed in this article.

Role of sponsors: Unrestricted funding was provided by the
CUHK Direct Grant for Research. The design, execution, data
collection and analysis of the study were carried out solely by the
research team without involvement of the funding body.

Other contributions: This work was performed at the Department
of Pediatrics, Prince of Wales Hospital, The Chinese University of
Hong Kong, Shatin, Hong Kong. We are grateful for the coopera-
tion and participation of all the children and their parents.

REFERENCES

1. Castronovo V, Zucconi M, Nosetti L, et al. Prevalence of
habitual snoring and sleep-disordered breathing in preschool-
aged children in an Italian community. | Pediatr. 2003;142(4):
377-382.

2. Li AM, Au CT, So HK, Lau |, Ng PC, Wing YK. Prevalence
and risk factors of habitual snoring in primary school children.
Chest. 2010;138(3):519-527.

3. Piteo AM, Lushington K, Roberts RM, et al. Prevalence of
snoring and associated factors in infancy. Sleep Med. 2011;
12(8):787-792.

4. Sogut A, Yilmaz O, Dinc G, Yuksel H. Prevalence of habit-
ual snoring and symptoms of sleep-disordered breathing

Original Research

Downloaded From: http://journal.publications.chestnet.or g/ by a The Chinese University of Hong Kong User on 05/20/2013



=1

10.

11.

12.

13.

14.

15.

16.

in adolescents. Int | Pediatr Otorhinolaryngol. 2009;73(12):
1769-1773.

. Anstead M, Phillips B. The spectrum of sleep-disordered

breathing. Respir Care Clin N Am. 1999;5(3):363-377.

. Marcus CL. Sleep-disordered breathing in children. Am |

Respir Crit Care Med. 2001;164(1):16-30.

. American Sleep Disorders Association. International Classifi-

cation of Sleep Disorders, Revised: Diagnostic and Coding
Manual. Rochester, MN: American Sleep Disorders Association;
1997:195-197.

. Carroll JL. Sleep-related upper-airway obstruction in chil-

dren and adolescents. Child Adolesc Psychiatr Clin N Am.
1996;5(3):617-647.

. Section on Pediatric Pulmonology, Subcommittee on Obstruc-

tive Sleep Apnea Syndrome. American Academy of Pediat-
rics. Clinical practice guideline: diagnosis and management
of childhood obstructive sleep apnea syndrome. Pediatrics.
2002:109(4):704-712.

Kwok KL, Ng DK, Cheung YF. BP and arterial distensibility in
children with primary snoring. Chest. 2003;123(5):1561-1566.
Li AM, Au CT, Ho C, Fok TF, Wing YK. Blood pressure is
elevated in children with primary snoring. | Pediatr. 2009;
155(3):362-368.

Brockmann PE, Urschitz MS, Schlaud M, Poets CF. Primary
snoring in school children: prevalence and neurocognitive
impairments. Sleep Breath. 2012;16(1):23-29.

Loughlin GM. Primary snoring in children—no longer benign.
J Pediatr. 2009;155(3):306-307.

Marcus CL, Hamer A, Loughlin GM. Natural history of pri-
mary snoring in children. Pediatr Pulmonol. 1998;26(1):6-11.
Nieminen P, Tolonen U, Lépponen H. Snoring and obstruc-
tive sleep apnea in children: a 6-month follow-up study. Arch
Otolaryngol Head Neck Surg. 2000;126(4):481-486.

Topol HI, Brooks L]. Follow-up of primary snoring in chil-
dren.] Pediatr. 2001;138(2):291-293.

journal.publications.chestnet.org

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Li AM, So HK, Au CT, et al. Epidemiology of obstructive
sleep apnoea syndrome in Chinese children: a two-phase com-
munity study. Thorax. 2010;65(11):991-997.

Li AM, Cheung A, Chan D, et al. Validation of a question-
naire instrument for prediction of obstructive sleep apnea in
Hong Kong Chinese children. Pediatr Pulmonol. 2006;41(12):
1153-1160.

Leung SS, Cole TJ, Tse LY, Lau JT. Body mass index refer-
ence curves for Chinese children. Ann Hum Biol. 1998;25(2):
169-174.

Morris NM, Udry JR. Validation of a self-administered instru-
ment to assess stage of adolescent development. | Youth
Adolesc. 1980;9(3):271-280.

American Thoracic Society. Cardiorespiratory sleep studies
in children. Establishment of normative data and polysomno-
graphic predictors of morbidity. Am | Respir Crit Care Med.
1999:160(4):1381-1387.

Chan JY, Li AM, Au CT, et al. Cardiac remodelling and dys-
function in children with obstructive sleep apnoea: a commu-
nity based study. Thorax. 2009;64(3):233-239.

Medicine AAoS. The AASM Manual for the Scoring of Sleep
and Associated Events: Rules. Westchester, IL: Terminology
and Technical Specifications; 2007.

Redline S, Tishler PV, Schluchter M, Aylor J, Clark K,
Graham G. Risk factors for sleep-disordered breathing in
children. Associations with obesity, race, and respiratory prob-
lems. Am | Respir Crit Care Med. 1999;159(5 pt 1):1527-1532.
Tapia IE, Karamessinis L, Bandla P, et al. Polysomnographic
values in children undergoing puberty: pediatric vs. adult
respiratory rules in adolescents. Sleep. 2008;31(12):1737-1744.
Bandla P, Huang ], Karamessinis L, et al. Puberty and upper
airway dynamics during sleep. Sleep. 2008;31(4):534-541.
Akcay A, Kara CO, Dagdeviren E, Zencir M. Variation in
tonsil size in 4- to 17-year-old schoolchildren. | Otolaryngol.
2006;35(4):270-274.

CHEST /143 /3/MARCH 2013 735

Downloaded From: http://journal.publications.chestnet.or g/ by a The Chinese University of Hong Kong User on 05/20/2013


http://journal.publications.chestnet.org

P-annotatePDF-v11

e ¥

FI \lf\'.iirl{
INSTRUCTIONS ON THE ANNOTATION OF PDF FILES

To view, print and annotate your article you will need Adobe Reader version 9 (or higher). This program is freely
available for a whole series of platforms that include PC, Mac, and UNIX and can be downloaded from
http://get.adobe.com/reader/. The exact system requirements are given at the Adobe site:
http://www.adobe.com/products/reader/tech-specs.html.

Note: if you opt to annotate the file with software other than Adobe Reader then please also highlight the appropriate
place in the PDF file.

PDF ANNOTATIONS

Adobe Reader version 9

Adobe Reader version X and XI

When you open the PDF file using Adobe Reader, the
Commenting tool bar should be displayed automatically; if
not, click on ‘Tools’, select ‘Comment & Markup’, then click
on ‘Show Comment & Markup tool bar’ (or ‘Show
Commenting bar’ on the Mac). If these options are not
available in your Adobe Reader menus then it is possible
that your Adobe Acrobat version is lower than 9 or the PDF
has not been prepared properly.

(&) Commenting

. Note Tool :_FATextEdils v :__.StampTool - vf,]?)jv =

(Mac)
PDF ANNOTATIONS (Adobe Reader version 9)

The default for the Commenting tool bar is set to ‘off’ in
version 9. To change this setting select ‘Edit | Preferences’,
then ‘Documents’ (at left under ‘Categories’), then select
the option ‘Never’ for ‘PDF/A View Mode’.

PDF/A View Mode

View documents in PDF /A mode:

ever

(Changing the default setting, Adobe version 9)

To make annotations in the PDF file, open the PDF file using
Adobe Reader X, click on ‘Comment’.

If this option is not available in your Adobe Reader menus
then it is possible that your Adobe Acrobat version is lower
than Xl or the PDF has not been prepared properly.

=)

2|

Tools ;| Sign | Comment

View or add ¢|

This opens a task pane and, below that, a list of all
Comments in the text. These comments initially show all
the changes made by our copyeditor to your file.

=EE X

*®

Tools Sign Comment

¥ Annotations

PP TAREHD &
T&E-E'ﬁ%.l.ETf.?

» Drawing Markups

 Comments List (0)

|Q Find | 8- @~ B2~

This document has no comments.




HOW TO...

Action

Adobe Reader version 9

Adobe Reader version X and XI

Insert text

5EA Text Edits +

Click the ‘Text Edits’ button on the
Commenting tool bar. Click to set the cursor
location in the text and simply start typing. The
text will appear in a commenting box. You may
also cut-and-paste text from another file into the
commenting box. Close the box by clicking on ‘X’ in
the top right-hand corner.

Ta

Click the ‘Insert Text’ icon on the Comment
tool bar. Click to set the cursor location in the text
and simply start typing. The text will appear in a
commenting box. You may also cut-and-paste text
from another file into the commenting box. Close

the box by clicking on *_’ in the top right-hand
corner.

Replace text

IPA Text Edits +

Click the ‘Text Edits’ button on the
Commenting tool bar. To highlight the text to be
replaced, click and drag the cursor over the text.
Then simply type in the replacement text. The
replacement text will appear in a commenting box.
You may also cut-and-paste text from another file
into this box. To replace formatted text (an
equation for example) please Attach a file (see
below).

Click the ‘Replace (Ins)’ icon Fa on the
Comment tool bar. To highlight the text to be
replaced, click and drag the cursor over the text.
Then simply type in the replacement text. The
replacement text will appear in a commenting box.
You may also cut-and-paste text from another file
into this box. To replace formatted text (an
equation for example) please Attach a file (see
below).

Remove text

) ) +, Text Edts ~
Click the ‘Text Edits’ button on the

Commenting tool bar. Click and drag over the text
to be deleted. Then press the delete button on
your keyboard. The text to be deleted will then be
struck through.

=

Click the ‘Strikethrough (Del)’ icon on the
Comment tool bar. Click and drag over the text to
be deleted. Then press the delete button on your
keyboard. The text to be deleted will then be
struck through.

Highlight text/
make a

Lo

Click on the ‘Highlight’ button on the

2

Click on the ‘Highlight Text’ icon on the

comment Commenting tool bar. Click and drag over the text. | Comment tool bar. Click and drag over the text. To
To make a comment, double click on the | make a comment, double click on the highlighted
highlighted text and simply start typing. text and simply start typing.

Attach afile y

a4~

Click on the ‘Attach a File’ button Jé on the
Commenting tool bar. Click on the figure, table or
formatted text to be replaced. A window will
automatically open allowing you to attach the file.
To make a comment, go to ‘General’ in the
‘Properties’” window, and then ‘Description’. A
graphic will appear in the PDF file indicating the
insertion of a file.

LL -
Click on the ‘Attach File’ icon "é on the
Comment tool bar. Click on the figure, table or
formatted text to be replaced. A window will
automatically open allowing you to attach the file.
A graphic will appear indicating the insertion of a
file.

Leave a note/
comment

— Mote Tool
Click on the ‘Note Tool’ button on

the Commenting tool bar. Click to set the location
of the note on the document and simply start
typing. Do not use this feature to make text edits.

Click on the ‘Add Sticky Note’ icon on the
Comment tool bar. Click to set the location of the
note on the document and simply start typing. Do
not use this feature to make text edits.




HOW TO...

Action

Adobe Reader version 9

Adobe Reader version X and XI

Review

To review your changes, click on the ‘Show’

Show ~

button on the Commenting tool
bar. Choose ‘Show Comments List’. Navigate by
clicking on a correction in the list. Alternatively,
double click on any mark-up to open the
commenting box.

Your changes will appear automatically in a list
below the Comment tool bar. Navigate by
clicking on a correction in the list. Alternatively,
double click on any mark-up to open the
commenting box.

Undo/delete
change

To undo any changes made, use the right click
button on your mouse (for PCs, Ctrl-Click for the
Mac). Alternatively click on ‘Edit’ in the main
Adobe menu and then ‘Undo’. You can also
delete edits using the right click (Ctrl-click on
the Mac) and selecting ‘Delete’.

To undo any changes made, use the right click
button on your mouse (for PCs, Ctrl-Click for the
Mac). Alternatively click on ‘Edit’ in the main
Adobe menu and then ‘Undo’. You can also
delete edits using the right click (Ctrl-click on
the Mac) and selecting ‘Delete’.

SEND YOUR ANNOTATED PDF FILE BACK TO ELSEVIER

Save the annotations to your file and return as instructed by Elsevier. Before returning, please ensure you have
answered any questions raised on the Query Form and that you have inserted all corrections: later inclusion of any
subsequent corrections cannot be guaranteed.

FURTHER POINTS

e Any (grey) halftones (photographs, micrographs, etc.) are best viewed on screen, for which they are optimized,
and your local printer may not be able to output the greys correctly.

o If the PDF files contain colour images, and if you do have a local colour printer available, then it will be likely that
you will not be able to correctly reproduce the colours on it, as local variations can occur.

e If you print the PDF file attached, and notice some ‘non-standard’ output, please check if the problem is also
present on screen. If the correct printer driver for your printer is not installed on your PC, the printed output will

be distorted.




Q9

03N LB W=

A bhA B SA DA D WLWLWLWILWLWLWLWLWLLWLWWINNDNDNDNDNDNDNDNDND S === = = =
AN DBV, OOV TIANANUNDEWND—, OOV IANNDEEWND—=OOVWOIDW B WND— OO

47
48
49
50
51
52
53
54
55
s6

THE JOURNAL OF PEDIATRICS » www.jpeds.com ORIGINAL

ARTICLES
Effects of Passive Smoking on Snoring in Preschool Children

Zhu Yin, MM', Au Chun Ting, MPhil", Leung Ting Fan, MD', Wing Yun Kwok, MB?, Lam Christopher Wai Kei, PhD?,
and Li Albert Martin, MD'

Objective To examine the association between passive smoking and snoring in preschool children using parent-
reported questionnaires and urine cotinine levels.

Study design This was a population-based cross-sectional survey of 2954 children aged 2-6 years in Hong Kong.
Parent-reported questionnaires provided information on snoring and household smoking. One-third of children
randomly chosen from the cohort provided urine samples for cotinine analysis. Increased urine cotinine was defined
as urinary cotinine concentration =30 ng/mg creatinine. Using multivariate logistic regression analysis, we analyzed
the association between snoring and passive smoking, controlling for potential confounders including age, sex,
body mass index z-score, atopic diseases, recent upper respiratory tract infection, parental allergy, parental
education, family income, and bedroom-sharing.

Results A total of 2187 completed questionnaires were included in the final analysis, and 724 children provided
urine samples for cotinine measurement. After adjustment for confounding factors, questionnaire-based household
smoking (>10 cigarettes/d: OR =2.22, 95% CI = 1.02-4.81) and increased urine cotinine (OR =4.37,95% Cl =1.13-
16.95) were significant risk factors for habitual snoring (snoring =3 nights per week). For occasional snoring (snoring
1-2 nights per week), reported household smoking (1-10 cigarettes/d: OR = 1.41, 95% CI = 1.14-1.76; >10 ciga-
rettes/d: OR = 1.56, 95% CI = 1.05-2.31), and increased urine cotinine (OR = 1.82, 95% CI = 1.03-3.20) were
also identified as significant risk factors. A dose-effect relationship was found for snoring frequency and adjusted
natural logarithms of urinary cotinine concentrations (P < .001).

Conclusions Environmental tobacco smoke exposure is an independent risk factor for snoring in preschool
children. Parents’ smoking cessation should be encouraged in management of childhood snoring. (J Pediatr
2013;1:1H-1).

noring is the most common manifestation of sleep-disordered breathing (SDB). In children, snoring
has been demonstrated to be associated with neurobehavioral impairment'™ and cardiovascular morbid-
ities.?

Exposure to environmental tobacco smoke is associated with respiratory tract diseases in preschool children.®® Studies
that examined the relationship between parental smoking and snoring in preschoolers have provided conflicting results.”
' Moreover, the assessment for environmental tobacco smoke exposure in almost all of the previous publications was based
on parent-completed questionnaires. Hence, there is a possibility of under-reporting by parents who smoke. Additionally, it
may be difficult to take into account other important factors for environmental tobacco smoke exposure such as proximity
to smokers, home ventilation, and exposure occurring outside the home in a questionnaire-based survey. An objective
indicator is therefore needed to enhance the reliability of assessing environmental tobacco smoke exposure. Cotinine, a ma-
jor degradation product of nicotine metabolism, has become an important biomarker for quantifying passive exposure to
cigarette smoke."” Urine cotinine is a noninvasive and commonly used objective tool in quantifying environmental tobacco
smoke exposure.

In this cross-sectional community-based study, we aimed to examine the association between passive smoking and snoring in
preschool children, using both parent-completed questionnaires and urine cotinine concentrations for assessment of environ-
mental tobacco smoke exposure.

. . From the Departments of 'Pediatrics and 2Psychiatry,

Healthy Chinese preschool children aged 2-6 years who are Hong Kong perma- Prince of Wales Hospital, The Chinese University of Hong

: fot : : : Kong, Shatin, Hong Kong; and “The Macau Institute for
nent residents were eligible for inclusion. Children were excluded from the study Appied Restarch in Medlcine and Health, Faculty of
if they had premature birth at <37 weeks gestation, cardiac, renal, or neuromus- _Fr‘ea:h ‘T‘-C'en%e% M?/Tau University of Science and

. L . echnology, laipa, Macau

cular diseases, chromosomal abnormalities, or had previously undergone upper Supported by Health and Health Services Research Fund
airway surgery. (06070261), Food and Health Bureau, and Hong Kong

SAR Government. The sponsor had no involvement in
study design, data collection and analysis, writing of the
manuscript, and the decision to submit for publication.
The authors declare no conflict of interest to declare.
BMI Body mass index

SDB Sleep—disordered breathing 0022-3476/$ - see front matter. Copyright © 2013 Mosby Inc.
Al rights reserved. http://dx.doi.org/10.1016/j.jpeds.2013.05.032
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The methodology and sampling frame of this study were
described in our recent study.'® Briefly, all nurseries and kin-
dergartens registered under the Education Bureau were strat-
ified according to the 4 geographic regions in Hong Kong and
were randomly recruited in proportion to the childhood
population of the respective region according to 2006 popu-
lation by-census statistics. All subjects were recruited within
class as a clustered randomized sampling frame. Conse-
quently, a total of 21 kindergartens/nurseries were recruited.
Parent-reported questionnaires were delivered to parents of
2954 children. Written informed consent and assent were ob-
tained from 1 parent per subject and subjects, respectively.
Approval was obtained from the Clincial Research Ethics
Committee of the Chinese University of Hong Kong.

An expanded version of a validated sleep pattern and symp-
tom questionnaire'” was completed by 1 of the parents of re-
cruited subjects. The question on snoring was “Does your
child snore when he/she is asleep?” and the options given
were “never,” “only when he/she suffers from a cold or al-
lergies,” “sometimes” and, “almost always/always.” For the
participants who chose the latter 2 options, a drop-down
list of frequencies was then provided. We defined habitual
and occasional snoring as snoring =3 nights per week and
1-2 nights per week, respectively. Nonsnorers were defined
as those reporting “never” or “only when he/she suffers
from a cold or allergies.” The Chinese version of the modified
International Study of Asthma and Allergies in Childhood
questionnaire was also given to parents for completion.'® A
question about household smoking, ie, the number of ciga-
rettes smoked daily by people living with the child (nil; <10
cigarettes; 10-20 cigarettes; >20 cigarettes) was asked.

Anthropometry Assessment

At each participating kindergarten, a team of research assis-
tants conducted on-site weight and height measurements.
Body mass index (BMI) was calculated as weight/height®
(kg/m?) and values were converted to z-scores appropriate
for age and sex, according to local reference."”

Measurement of Urinary Cotinine

One-third of children who completed both questionnaires
were randomly selected to provide urinary samples for cotin-
ine analysis. The sample was collected on-site by our re-
searchers. Urine was stored at —20°C until analysis for
cotinine by enzyme-linked immunosorbent assay (Calbio-
tech, Spring Valley, California). The detection limit of this
assay was 1 ng/mL. The inter-assay coefficients of variation
were <6%. Urine cotinine concentrations were corrected
for creatinine, which was measured by modified Jaffe reac-
tion (Roche Diagnostics GmbH, Mannheim, Germany).
Increased urine cotinine was defined as urinary cotinine con-
centrations = 30 ng/mg creatinine.”

Statistical Analyses

For comparisons between 3 independent groups, Kruskal—
Wallis tests and x* tests were used for continuous and cate-
gorical data, respectively. Subsequently, Mann-Whitney tests
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and multiple x” tests with adjusted P values (significant at P <
.016) were used for corresponding post hoc pairwise compar-
isons, respectively. Multiple logistic regression analyses were
performed to investigate the association between passive
smoking and snoring, adjusted for possible confounding fac-
tors. ANCOVA was used to examine the trend and differ-
ences in logarithmically transformed wurinary cotinine
concentrations (natural log [x + 0.1]) among different snor-
ing frequency groups, after controlling for possible con-
founders. All statistical analyses were performed using SPSS
16.0 for Windows (SPSS Inc, Chicago, Illinois), and a P value
of <.05 was considered statistically significant.

Of a total of 2954 children recruited, 2197 questionnaires
were returned, giving a response rate of 74.4%. Ten sub-
jects with missing information on snoring were excluded,
leaving 2187 children for final analysis. Of the whole
group, 2085 subjects also completed the modified Interna-
tional Study of Asthma and Allergies in Childhood ques-
tionnaire.

There were 120 habitual snorers, 974 occasional snorers,
and 1093 nonsnorers. Urine cotinine analysis was performed
in 724 children (363 nonsnorers, 324 occasional snorers, and
37 habitual snorers). There were no significant differences in
age, sex, BMI z-score, family income, presence of atopic dis-
eases, household smoking, and snoring frequency distribu-
tion between those who did and did not provide urine
sample. Possible risk factors for snoring were compared be-
tween different snoring groups (Table I). The reported
number of cigarettes smoked daily by family members who
lived with the child had a dose-response relationship with
snoring frequency. However, the wurine cotinine
concentration did not exhibit similar relationship.

Table II shows the results of logistic regression model
analyzing the association between habitual snoring and
passive smoking. With reference to the nonsnoring group,
questionnaire-based presence of household smoking was
found to be a significant risk factor for habitual snoring
either by univariate or multivariate model adjusted for age,
sex, BMI z-score, presence of allergic rhinitis, asthma,
eczema, upper respiratory tract infection during past 4
weeks, parental allergy, parental education, bedroom-
sharing, and family income. Although increased urine
cotinine was not associated with development of habitual
snoring in univariate model, its adverse effect became
significant after controlling for the confounders.

These analyses were repeated for occasional snoring, and
both reported household smoking and increased urine cotinine
were identified as significant risk factors for occasional snoring
(Table II).

After logarithmic transformation, a significant increasing
trend for In urine cotinine concentrations across snoring fre-
quency was observed (P < .001, Figure 1), which provided
strong evidence for exposure to environmental tobacco
smoke as a risk factor for snoring.

Yin et al
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(Table I. Characteristics of all subjects and distribution of variables according to snoring status W
All Nonsnorers Occasional snorers Habitual snorers P value
Age'™ .001
2y (%) 14,0 14.8 13.2 12,5
3y (%) 29.3 29.3 30.4 20.0
4y (%) 27.6 29.3 26.2 24.2
5y (%) 24.2 22.4 25.5 30.8
6y (%) 4.9 4.2 47 12.5
Male sex (%)* 53.3 50.3 55.9 60.0 .013
BMI z-score* 0.22 0.16 0.27 0.18 .047

(-0.44 10 0.92) (—0.47 to0 0.84)

Monthly family income (%) 175

<10 000$HK 245 25.0 24.6 18.6

10000-50 000$HK 69.0 67.6 69.6 771

>50 000$HK 6.5 74 5.8 4.2
Effects of passive smoking on snoring in preschool children bedroom-sharing (%) 80.3 80.8 79.4 84.2 .399
Paternal education lower than primary school (%) 14.2 15.1 139 9.5 .245
Maternal education lower than primary school (%) 15.9 1741 14.8 13.8 .309
Household smoking (%)*" .001

No smoking 60.6 64.4 56.7 56.9

1-10 cigarettes/d 32.0 30.0 34.3 31.0

>10 cigarettes/d 7.5 5.6 9.0 121
Urine cotinine concentration (ng/mgCr) 4.09 3.85 437 4.01 .395

(1.87-10.79)  (1.86-9.63) (1.92-12.09) (1.74-10.74)
Increased urine cotinine (%) 10.8 8.3 13.6 10.8 073
AR (%)*T+ 26.6 235 27.7 457 <.001
Asthma (%) 53 53 5.1 7.8 478
Eczema (%)™ 34.6 32,9 346 50.9 .001
URI during past 4 weeks (%) 29.3 30.3 275 33.6 222
Paternal allergy (%) 34.5 32.8 354 42.0 150
Maternal allergy (%) 331 31.9 322 50.9 013 )
\

(-0.39 to 0.99) (-0.61 to 1.20)

AR, allergic rhinitis; Cr, creatinine; URI, upper respiratory tract infection.

Median (IQR) and number (percentage) are presented for continuous and categorical data, respectively.

*P < .016, nonsnorers vs occasional snorers.
1P < .016, nonsnorers vs habitual snorers.
1P < .016, occasional snorers vs habitual snorers.

In addition, the reported household smoking frequency
showed significant positive correlation with urine cotinine con-
centration. Urine cotinine concentration of nonsmoking group,
1-10 cigarettes/d group and >10 cigarettes/d group were 2.81
(1.48-5.76) vs 8.36 (3.40-24.61) vs 17.83 (5.55-43.57) (P <.001).

This population-based study utilized urinary cotinine
together with questionnaire to examine the effects of envi-
ronmental tobacco smoke on snoring in children. We

demonstrated that both parent-reported household smoking
and elevated concentration of urine cotinine were significant
risk factors for both habitual and occasional snoring in pre-
school children.

If only the parent-reported questionnaire is considered,
our results are consistent with several earlier studies carried
out in preschoolers.'®"? This association between passive
smoking and habitual snoring has also been found in older
children.*>* Only 1 study has utilized an objective
biomarker, serum cotinine, to assess environmental tobacco
smoke and its association with transient/persistent snoring in

(Table II. Association between passive smoking and snoring with reference to nonsnoring W
Habitual snorers vs nonsnorers Occasional snorers vs nonsnorers
Unadjusted OR aOR! Unadjusted OR aOR!
(95% CI) (95% ClI) (95% Cl) (95% Cl)
Household smoking
1-10 cigarettes/d vs no smoking 1.17 1.45 1.30" 1.421
(0.76-1.79) (0.88-2.40) (1.07-1.57) (1.14-1.77)
>10 cigarettes/d vs no smoking 2.45¢ 2.17* 1.83" 1.54*
(1.30-4.62) (1.01-4.70) (1.28-2.61) (1.04-2.29)
Urine cotinine concentration 1.00 1.01 1.01 1.01
(0.98-1.02) (0.99-1.03) (1.00-1.01) (1.00-1.01)
Increased urine cotinine 1.35 4.30* 1.74* 1.84*
(0.45-4.05) (1.11-16.59) (1.07-2.85) (1.04-3.24) )
.
*P < .05.
tP<.01.

tAdjusted for age, sex, BMI z-score, presence of AR, asthma, eczema, URI during past 4 weeks, paternal allergy, maternal allergy, paternal education, maternal education, bedroom-sharing, and

family income.

Effects of Passive Smoking on Snoring in Preschool Children
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concentration (ng/mgCr)

1

T
Non-snorer

Mean with 95%CI of adjusted In urinary cotinine

T T
Occasional snorer Habitual snorer

Figure. Adjusted natural logarithm urine cotinine concentra-
tions across snoring frequency groups. The error bars show
the predicted mean with 95% CI adjusted for age, sex, BMI z-
score, presence of allergic rhinitis, asthma, eczema, upper
respiratory tract infection during past 4 weeks, paternal al-
lergy, maternal allergy, paternal education, maternal educa-
tion, and family income. Habitual snorers (P = .005) and
occasional snorers (P < .001) and had significantly higher In
urinary cotinine concentrations compared with nonsnorers,
respectively. Cr, creatinine.

children.’ Higher cotinine levels were associated with tran-
sient/persistent snoring among non-African American chil-
dren, but not in African American children. However, this
interaction became insignificant when included in their
full-adjusted model controlling for sex, race, socioeconomic
status, birth weight, breastfeeding, and BMI z-score. Racial
difference may explain the discrepancy between our finding
and this study. It has been demonstrated that Americans of
European and African descent differ in nicotine meta-
bolism,? thus, it is reasonable to assume Chinese would
have different metabolism from Caucasians. Furthermore
urine cotinine may be able to discriminate between passive
smokers and nonsmokers even better than cotinine in serum
or saliva.>* Together with its noninvasive collection method,
urine cotinine was the most convenient and practical way to
assess environmental tobacco smoke exposure in a large
community-based sample.

Regarding objective evaluation of environmental tobacco
smoke, we found that there were no significant differences
in urine cotinine concentration between different snoring
frequency groups, while interestingly, after adjustment for
possible confounding factors, the presence of increased urine
cotinine turned out to be a significant risk factor for both
habitual and occasional snoring. The habitual snoring group
included greater proportion of children with atopic diseases
and parental allergy (Table I), thus, parents from this group
may have been more likely to avoid smoking in close
proximity for the sake of their children’s or their own
health, resulting in a lower urinary cotinine concentration

4
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than expected. In addition, the parental education levels
were higher in the habitual snoring group, and parents
might be more aware of the adverse effects of
environmental tobacco smoke exposure. We did further
analyses and found that urine cotinine concentrations were
significantly lower in children with atopy (except asthma)
and whose parents had allergic diseases and higher
education, in spite of similar reported household smoking.
Therefore, these reasons could explain why the correlation
between environmental tobacco smoke exposure and
snoring became significant after controlling for these
confounders.

The mechanism whereby environmental tobacco smoke
leads to snoring remains unclear. One study conducted in
adults suggested that smoking may induce oropharyngeal
narrowing and collapse through histologic changes of the
uvular mucosa because of increased neurogenic inflamma-
tion.”

Snoring is a cardinal symptom of SDB. Accumulating ev-
idence demonstrated that habitual snoring' > and even oc-
casional snoring®® could be associated with a variety of
adverse consequences in children, even in absence of apnea
or hypopnea. Too often, clinicians may focus on surgical
and medical treatment and pay insufficient attention to life-
style modification in the management of SDB in children.
Our finding that environmental tobacco smoke exposure
is indeed a risk factor for snoring provides an additional
reason for encouraging parents to quit smoking and pro-
vides another potential strategy for alleviating snoring in
children, and may have significant clinical and public health
implications.

There were several limitations in our study. First is the lack
of objective measurement for snoring, which is a limitation
shared with other community-based survey studies. No stan-
dardized definition of snoring was given to parents, and we
were dependent on whatever parents meant by “snoring,”
which may be inconsistent because of their different under-
standing of snoring sound. However, as a result of restricted
resources, overnight monitoring to record snoring was less
practical for a large population survey. Second, cotinine
has a half-life of about 20 hours and in urine can be detected
for up to approximately 72 hours.'> We did not record the
time interval between urine sampling and last environmental
tobacco smoke exposure. Hence, if a smoking parent
happened not to smoke in the 72 hours prior to urine collec-
tion, then the result would have been an underestimation.
However, this was less likely because overall the parent-
reported smoking and the urine cotinine concentration
correlated well.

In conclusion, we have provided evidence suggesting
exposure to environmental tobacco smoke, examined by
both questionnaire and measurement of urine cotinine,
was an independent risk factor for snoring in preschool
children. Further prospective studies investigating the
causal relationship between passive smoking and snoring
and the underlying mechanisms are needed. This issue
may have important clinical implications that the risk of

Yin et al
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snoring may be lessened by reducing environmental tobacco
smoke exposure. m
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Appendix

The Hong Kong Paediatric Sleep Survey

This survey is targeted towards caregivers of young children
aged 36-72 months, to help understand sleep habits among
this group of children. The data collected in this survey will
be used strictly for scientific research and consumer educa-
tion. It will remain confidential and will not be sold to any
third party. All data will be collectively analyzed and not indi-
vidually identified in any report that may be generated in the
future.

If you have more than one child, please answer this survey
with just one of them in mind. Please think about your child’s
sleep over the past 2 weeks in answering the following ques-
tions. Thank you.

1. You... (SELECT ONE)
O Have a child 36-47 months of age (3-3.99 years)
O Have a child 48-59 months of age (4-4.99 years)
O Have a child 60-72 months of age (5-6 years)
O None of the above

2. Is your child a... (SELECT ONE)
O Girl
O Boy

3. Was your child delivered by Normal Delivery (ND) or
Caesarian Section (CS)? (SELECT ONE)
O Normal Delivery
O Caesarian Section

4. Was your child born pre-term/prematurely?
O No
O If Yes, what was the gestational age (no. of weeks
of pregnancy) of your child, at the time of birth?
Weeks (less than 37 weeks)

5. Was your child breast fed, bottle fed or mixed fed?
(SELECT ONE)
O Breast Feed
O Bottle Feed
O Mixed Feed

6. If breast fed, how long was your child breastfed?
(SELECT ONE if Question 4 was breast fed)
O Currently breastfed
O <1 month
O 1-3 months
O 4-6 months
O 7-12 months
O 13-18 months
O >18 months

7. What is the birth weight of your child? My child’s
birth weight was kg

5.e1
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8. What is the birth order of your child? (SELECT ONE)

O Oldest

O Middle

O Youngest

O A multiple (e.g. a twin or triplet)
O Only

9. Does your child snore during sleep? (SELECT ONE)

My child snores

O Never

O Only when he/she has a cold or allergies
O Sometimes

O Almost always/Always

times per week

10. Where does your child sleep most of the time?

11.

(SELECT ONE)

O In his/her own room
O In parents’ room

O In sibling’s or other’s room

O In another room of the house (e.g. living room)
O Otbher, please specify:

Does your child sleep with the room lights on or off?
(SELECT ONE)

O on

O off

O Only a bed lamp or a floor/wall light is on

O No preference

12. Will the air conditioner be turned on during the sum-

mer where your child sleeps? (SELECT ONE)

O Yes

O No

O There is no air conditioner in my child’s sleep
place

O Only partially, once child is asleep, the air condi-
tioner is turned off

13. Which of the following does your child sleep in most

of the time? (SELECT ONE)

O Crib/Cot

O Own bed (any size)

O Parents’ bed (any size)

O Bassinet

O Infant seat

O Swing

O Sarong/Hammock

O Futon/Tatami Mat on his/her own
O Futon/Tatami Mat with parents

O Otbher, please specify:

14. In what position does your child sleep most of the

time? (SELECT ONE)
O On his/her tummy
O On his/her side

O On his/her back

Yin et al
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15.

16.

17.

18.

Which of the following usually occurs on most nights
for your child in the hour before bedtime? (SELECT
ALL THAT APPLY)

Bath/shower

Massage

Read books/being read to

Rocked

Watch television/video

Play video/computer games/NDS/PSP

Have dinner or a snack

Homework

Have a bottle, drink, or breastfed

Run around

Brush teeth

Play with favorite toys

Cuddle

Say prayers

Sing songs

Listen to music

Practice musical instrument

Piggy-back

Other, please specify:

Oooooooooooooooooon

How does your child fall asleep most of the time?
(SELECT ALL THAT APPLY)

While being bottle-fed

While being breast-fed

While being rocked

While being held

While watching television/video

While listening to a story/music

In swing or stroller

In sarong or hammock

On Futon/Tatami Mat alone in the room

On Futon/Tatami Mat and with a parent in the
room

In his/her own crib/bed alone in the room

In parent’s bed alone in the room

In his/her own crib/bed (any size) and with a
parent in the room

In parent’s bed and with a parent in the room
In another room of the house (e.g., living room)
Other, please specify:

ooo Ooo gooooooogd

In a typical 7-day week, how often does your child
have the exact same nighttime before bed routine?
(SELECT ONE)

O Never

O 1-2 nights per week

O 3-4 nights per week

O 5-6 nights per week

O Every night

What time do you usually start your child’s nighttime
before bed routine?

Effects of Passive Smoking on Snoring in Preschool Children

19.

20.

ORIGINAL ARTICLES

What time do you usually put your child to bed at
night?

Typically, how difficult is bedtime for your child, for
example, fussing, crying, protesting? (SELECT ONE)
O Very Easy

O Somewhat Easy

O Neither Easy nor Difficult

O Somewhat Difficult

O Very Difficult

21. How long does it typically take your child to fall asleep
at night? (SELECT ONE)

EXAMPLE: If you put your child to bed at 8:15 PM and
your child falls asleep at 8:30 PM, it took 15 minutes for
your child to fall asleep.

22.

23.

24.

25.

26.

O Less than 5 minutes
O 5-15 minutes

O 16-30 minutes

O 31-60 minutes

O More than 1 hour

How often, if ever, does your child have a difficult
time falling asleep at night? (SELECT ONE)

O Every night

O 5-6 nights per week

O 3-4 nights per week

O 1-2 nights per week

O 1-3 nights per month

O Less than once a month

O Never

Does your child sleep with a toy or favorite blanket?
(SELECT ONE)

O Yes

O No

Does your child ever sleep in your bed with you?
(SELECT ONE)

O Yes

O No

How many times does your child typically wake
during the night? times per night

How often does your child wake during the night, if
ever? (SELECT ONE)

O Every night

O 5-6 nights per week

O 3-4 nights per week

O 1-2 nights per week

O 1-3 nights per month

O Less than once a month

O Never

5.e2
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27. When your child wakes up during the night, what do

you do? (SELECT ALL THAT APPLY)

0 Pick up my child and hold/rock him/her until
child falls asleep
Pick up my child and put him/her back down
while child is still awake
Rub or pat my child but do not pick up or take
out of crib/bed
Bottle feed child back to sleep
Breastfeed/nurse child back to sleep
Give my child a pacifier
Change diaper
Comfort my child verbally but don’t pick child up
or take child out of crib/cotbed
Bring my child into my bed
Let my child cry and fall back to sleep by himself/
herself
Give my child a few minutes to see if he/she falls
back to sleep
Play with my child until child is ready to go back
to sleep
Watch television/a video with my child until he/
she falls asleep
Sing to child
Otbher, please specify:

oo O O 0o oo gooooo o O

28. When your child wakes up during the night, how
quickly do you response to him/her?
O Immediately
O 5-30 minutes later
O ¥%-1 hour later
O Ignore and let him/her go back to sleep by him/

herself

29. On a typical night, how much total time during the

NIGHT is your child awake?

hours minutes

EXAMPLE: If your child woke up 2 times and was awake
for about 15 minutes each time, your child’s total time
spent awake would be 30 minutes.

30. On a typical night, what is the longest stretch of time
that your child is asleep during the NIGHT without

waking up?

hours minutes

31. What time does your child usually wake up in the
morning?

32. How much total time does your child spend sleeping
during the NIGHT (between 7 in the evening and 8 in
the morning)

hours minutes

5.e3
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33. How many naps does your child take during a typical
DAY? (between 8 in the morning and 7 in the
evening)

naps
34. How much total time does your child spend sleeping
during the DAY? (between 8 in the morning and 7 in

the evening)

hours minutes

EXAMPLE: If your child took 2 naps and slept 1 hour each
time, your child’s total time spent sleeping during the day
is 2 hours.

35. Please rate how well your child usually sleeps at night:
(SELECT ONE)
O Very Well
O Well
O Fairly Well
O Fairly Poorly
O Poorly
O Very Poorly

36. Do you consider your child’s sleep as a problem?
(SELECT ONE)
O A very serious problem
O A small problem
O Not a problem at all

37. Are you the child’s...? (SELECT ONE)
O Father
O Mother
O Grandparent
O Otbher, please specify:

38. What is your age? (SELECT ONE)

O Under 21

O 21-24

O 25-29

O 30-34

O 35-39

O 40-44

O 45-49

O 50 or older

39. Which category describes your current occupational
status? (SELECT ONE)
O Employed full-time
O Employed part-time
O On maternity leave
O Homemaker/at-home parent
O Student
O Unemployed/in-between jobs
O Otbher, please specify:

Yin et al
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40. What is the highest level of education you have

completed? (SELECT ONE)

O Elementary/Primary school

O High school/Secondary school

O Diploma/Pre—University/Junior College
O College/University
O Post graduate

O Other, please specify:

41. What type of housing do you live in? (SELECT ONE)

O Flat/Apartment (Government/Public)

O Flat/Apartment/Condominium (Private)
O House/Landed property

O Otbher, please specify:

42. In which of the following District do you live in Hong

Kong? (SELECT ONE)

O Hong Kong Island-Central and Western
O Hong Kong Island-Eastern
O Hong Kong Island-Southern
O Hong Kong Island-Wan Chai
O Kowloon-Kowloon City

O Kowloon-Kwun Tong

O Kowloon-Sham Shui Po

O Kowloon-Wong Tai Sin

O Kowloon-Yau Tsim Mong

O New Territories-Islands

O New Territories-Kwai Tsing
O New Territories-North

O New Territories-Sai Kung

O New Territories-Shatin

O New Territories-Tai Po

O New Territories-Tsuen Wan
O New Territories-Tuen Mun
O New Territories-Yuen Long

43. How many household memebers (in total) are living

in the same household?

44. What is the household montly total income (HKD)?

(SELECT ONE)

O Less than10 000
O 10000-20000
O 20000-30000
O 30000-40 000
O 40000-50000
O 50000-60 000
O 60000-70 000
O Over 70000

45. Is your child under regular follow-up with a doctor

for a medical condition? (Exclude routine immuniza-
tion and well-baby checkups) (SELECT ONE)

O Yes

O No

Effects of Passive Smoking on Snoring in Preschool Children

46.

47.

48.

49.

50.

51.

52.

53.

54.

ORIGINAL ARTICLES

Do any of your household members smoke? (SELECT
ONE)

O Yes

O No

What time do you come home from work on a
normal working day?

What time do you go to bed on a normal working
day?

Do you consider yourself have a sleep problem?
(SELECT ONE)

O A very serious problem

O A small problem

O Not a problem at all

Who is the child’s primary caregiver during the day?
(SELECT ONE)

O Parent

O Grandparent

O Otbher relative

O Other caregiver (e.g. maid, nanny)

O Play group/kindergarden

O Professional Daycare service

O Otbher, please specify:

Where is your child usually cared for, during the day?
(SELECT ONE)

O At home

O Outside of the home

Do you wish to take part in further study (joint orga-
nized by The Chinese University of Hong Kong)
(SELECT ONE)

O Yes

O No

Please enter your contact numbers (OPTIONAL):
/

Please enter your e-mail address (OPTIONAL):

THANK YOU FOR YOUR PARTICIPATION.
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